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The  first  essential  to  efficient  administration  of  any  enterprise  is 
full  knowledge  of  its  present  make-up  and  operation.  Without 
full  and  complete  information  before  them,  as  to  existing  organiza¬ 
tion,  personnel,  plant,  and  methods  of  operation  and  control, 
neither  legislators  nor  administrators  can  properly  perform  their 
functions. 

The  greater  the  work,  the  more  varied  the  activities  engaged  in, 
and  the  more  complex  the  organization  employed,  the  more  impera¬ 
tive  becomes  the  necessity  that  this  information  shall  be  available — - 
and  available  in  such  a  form  that  it  can  readily  be  utilized. 

Of  all  undertakings,  none  in  the  United  States,  and  few,  if  any, 
in  the  world,  approach  in  magnitude,  complexity,  and  importance 
that  of  the  national  government  of  the  United  States.  As  Presi¬ 
dent  Taft  expressed  it  in  his  messages  to  Congress  of  January  1 7, 
1912,  in  referring  to  the  inquiry  being  made  under  his  direction 
into  the  efficiency  and  economy  of  the  methods  of  prosecuting 
public  business,  the  activities  of  the  national  government  “  are 
almost  as  varied  as  those  of  the  entire  business  world.  The  opera¬ 
tions  of  the  government  affect  the  interest  of  every  person  living 
within  the  jurisdiction  of  the  United  States.  Its  organization 
embraces  stations  and  centers  of  work  located  in  every  city  and 
in  many  local  subdivisions  of  the  country.  Its  gross  expenditures 
amount  to  billions  annually.  Including  the  personnel  of  the  mili¬ 
tary  and  naval  establishments,  more  than  half  a  million  persons 
are  required  to  do  the  work  imposed  by  law  upon  the  execu¬ 
tive  branch  of  the  government. 

“  This  vast  organization  has  never  been  studied  in  detail  as  one 
piece  of  administrative  mechanism.  Never  have  the  foundations 
been  laid  for  a  thorough  consideration  of  the  relations  of  all  of  its 
parts.  No  comprehensive  effort  has  been  made  to  list  its  multifari¬ 
ous  activities  or  to  group  them  in  such  a  way  as  to  present  a  clear 
picture  of  what  the  government  is  doing.  Never  has  a  complete 
description  been  given  of  the  agencies  through  which  these  activi- 
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ties  are  performed.  At  no  time  has  the  attempt  been  made  to  study 
all  of  these  activities  and  agencies  with  a  view  to  the  assignment  of 
each  activity  to  the  agency  best  fitted  for  its  performance,  to  the 
avoidance  of  duplication  of  plant  and  work,  to  the  integration  of 
all  administrative  agencies  of  the  government,  so  far  as  may  be 
practicable,  into  a  unified  organization  for  the  most  effective  and 
economical  dispatch  of  public  business.” 

To  lay  the  basis  for  such  a  comprehensive  study  of  the  organiza¬ 
tion  and  operations  of  the  national  government  as  President  Taft 
outlined,  the  Institute  for  Government  Research  has  undertaken 
the  preparation  of  a  series  of  monographs,  of  which  the  present 
study  is  one,  giving  a  detailed  description  of  each  of  the  fifty  or 
more  distinct  services  of  the  government.  These  studies  are  being 
vigorously  prosecuted,  and  it  is  hoped  that  all  services  of  the  gov¬ 
ernment  will  be  covered  in  a  comparatively  brief  space  of  time. 
Thereafter,  revisions  of  the  monographs  will  be  made  from  time 
to  time  as  need  arises,  to  the  end  that  they  may,  as  far  as  practicable 
represent  current  conditions. 

These  monographs  are  all  prepared  according  to  a  uniform  plan. 
They  give :  first,  the  history  of  the  establishment  and  development 
of  the  service ;  second,  its  functions,  described  not  in  general  terms, 
but  by  detailing  its  specific  activities ;  third,  its  organization  for 
the  handling  of  these  activities ;  fourth,  the  character  of  its  plant ; 
fifth,  a  compilation  of,  or  reference  to,  the  laws  and  regulations 
governing  its  operations ;  sixth,  financial  statements  showing  its 
appropriations,  expenditures  and  other  data  for  a  period  of  years ; 
and  finally,  a  full  bibliography  of  the  sources  of  information,  offi¬ 
cial  and  private,  bearing  on  the  service  and  its  operations. 

In  the  preparation  of  these  monographs  the  Institute  has  kept 
steadily  in  mind  the  aim  to  produce  documents  that  will  be  of  direct 
value  and  assistance  in  the  administration  of  public  affairs.  To 
executive  officials  they  offer  valuable  tools  of  administration. 
Through  them,  such  officers  can,  with  a  minimum  of  effort,  inform 
themselves  regarding  the  details,  not  only  of  their  own  services,  but 
of  others  with  whose  facilities,  activities,  and  methods  it  is  desir¬ 
able  that  they  should  be  familiar.  Under  present  conditions  ser¬ 
vices  frequently  engage  in  activities  in  ignorance  of  the  fact  that 
the  work  projected  has  already  been  done,  or  is  in  process  of  exe¬ 
cution  by  other  services.  Many  cases  exist  where  one  service  could 
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make  effective  use  of  the  organization,  plant  or  results  of  other 
services  had  they  knowledge  that  such  facilities  were  in  existence. 
With  the  constant  shifting  of  directing  personnel  that  takes  place 
in  the  administration  branch  of  the  national  government,  the  exis¬ 
tence  of  means  by  which  incoming  officials  may  thus  readily  secure 
information  regarding  their  own  and  other  services  is  a  matter  of 
great  importance. 

To  members  of  Congress  the  monograph  should  prove  of  no  less 
value.  At  present  these  officials  are  called  upon  to  legislate  and 
appropriate  money  for  services  concerning  whose  needs  and  real 
problems  they  can  secure  but  imperfect  information.  That  the 
possession  by  each  member  of  a  set  of  monographs  such  as  is  here 
projected,  prepared  according  to  a  uniform  plan,  will  be  a  great 
aid  to  intelligent  legislation  and  appropriation  of  funds  can  hardly 
be  questioned. 

To  the  public,  finally,  these  monographs  will  give  that  knowledge 
of  the  organization  and  operations  of  their  government  which  must 
be  had  if  an  enlightened  public  opinion  is  to  be  brought  to  bear 
upon  the  conduct  of  governmental  affairs. 

These  studies  are  wholly  descriptive  in  character.  No  attempt 
is  made  in  them  to  subject  the  conditions  described  to  criticism, 
nor  to  indicate  features  in  respect  to  which  changes  might  with 
advantage  be  made.  Upon  administrators  themselves  falls  respon¬ 
sibility  for  making  or  proposing  changes  which  will  result  in  the 
improvement  of  methods  of  administration.  The  primary  aim  of 
outside  agencies  should  be  to  emphasize  this  responsibility  and 
facilitate  its  fulfillment. 

While  the  monographs  thus  make  no  direct  recommendations 
for  improvement,  they  cannot  fail  greatly  to  stimulate  efforts  in 
that  direction.  Prepared  as  they  are  according  to  a  uniform  plan 
and  setting  forth  as  they  do  the  activities,  plant,  organization,  per¬ 
sonnel  and  laws  governing  the  several  services  of  the  government, 
they  will  automatically,  as  it  were,  reveal,  for  example,  the  extent 
to  which  work  in  the  same  field  is  being  performed  by  different 
services,  and  thus  furnish  the  information  that  is  essential  to  a 
consideration  of  the  great  question  of  the  better  distribution  and 
coordination  of  activities  among  the  several  departments,  estab¬ 
lishments,  and  bureaus,  and  the  elimination  of  duplication  of  plant, 
organization  and  work.  Through  them  it  will  also  be  possible  to 
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subject  any  particular  feature  of  the  administrative  work  of  the 
government  to  exhaustive  study,  to  determine,  for  example,  what 
facilities,  in  the  way  of  laboratories  and  other  plant  and  equipment, 
exist  for  the  prosecution  of  any  line  of  work  and  where  those 
facilities  are  located ;  or  what  work  is  being  done  in  any  field  of 
administration  or  research,  such  as  the  promotion,  protection  and 
regulation  of  the  maritime  interests  of  the  country,  the  planning 
and  execution  of  works  of  an  engineering  character,  or  the  collec¬ 
tion,  compilation  and  publication  of  statistical  data,  or  what  differ¬ 
ences  of  practice  prevail  in  respect  to  organization,  classification, 
appointment,  and  promotion  of  personnel. 

To  recapitulate,  the  monographs  will  serve  the  double  purpose 
of  furnishing  an  essential  tool  for  efficient  legislation,  administra¬ 
tion  and  popular  control,  and  of  laying  the  basis  for  critical  and 
constructive  work  on  the  part  of  those  upon  whom  responsibility 
for  such  work  primarily  rests. 
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THE  BUREAU  OF  CHEMISTRY 

AND  SOILS 

ITS  HISTORY,  ACTIVITIES,  AND 
ORGANIZATION 

CHAPTER  I 
HISTORY 

The  functions  of  the  Bureau  of  Chemistry  and  Soils  consist  of 
soil  and  fertilizer  investigations  and  studies  of  chemical  problems 
pertaining  to  agriculture  and  to  industries  utilizing  agricultural 
products.  These  functions  are  entirely  investigational  and  educa¬ 
tional.  Prior  to  July  i,  1927,  this  work  was  performed  by  the 
Bureau  of  Chemistry,  the  Bureau  of  Soils,  and  the  Fixed  Nitrogen 
Laboratory,  and  certain  soil  and  fertilizer  work  was  done  by  the 
Bureau  of  Plant  Industry.  The  first  three  of  these  units  were  con¬ 
solidated  in  the  present  Bureau  of  Chemistry  and  Soils.  At  the 
same  time  the  regulatory  functions  of  the  Bureau  of  Chemistry 
were  transferred  to  the  Food,  Drug,  and  Insecticide  Adminis¬ 
tration. 

Work  in  agricultural  chemistry  and  soils  was  carried  on  in  the 
Agricultural  Division  of  the  Patent  Office  as  early  as  1841,  and  a 
separate  unit  for  chemical  work  was  established  in  the  Department 
of  Agriculture  in  1862.  The  Bureau  of  Chemistry  has  grown  from 
a  small  division  with  a  staff  of  four  or  five  persons  in  1862  to  a 
bureau  employing  618  persons  on  June  30,  1927,  consisting  mostly 
of  scientific  experts,  such  as  chemists,  bacteriologists,  microscopists, 
pharmacologists,  biologists,  and  engineers. 

Until  the  creation  of  the  Division  of  Agricultural  Soils  in  the 
Weather  Bureau  on  February  15,  1894,  afterwards  the  Bureau  of 
Soils,  the  soil  work  of  the  Department  of  Agriculture  was  carried 
on  by  the  Bureau  of  Chemistry,  except  some  studies  of  soils  in 
relation  to  climatic  conditions  which  were  made  prior  to  that  time 
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by  the  Weather  Bureau.  The  personnel  of  the  Bureau  of  Soils 
increased  from  ten  persons  in  1895  to  218  on  June  30,  1927.  The 
Bureau  of  Chemistry  and  Soils  on  September  21,  1928  employed 
445  persons. 

Early  Chemical,  Soil,  and  Fertilizer  Research.  The  history  of 
the  activities  of  the  national  government  in  the  fields  of  agricultural 
chemical,  soil,  and  fertilizer  research  reaches  back  to  the  early  part 
of  the  nineteenth  century.  Agricultural  chemistry  was  a  subject  of 
national  legislation  before  the  Patent  Office  concerned  itself  with 
agricultural  activities  in  1839,  and  after  that  time  studies  in  agri¬ 
cultural  chemistry,  soils,  and  fertilizers  constituted  major  branches 
of  the  agricultural  investigational  work  of  the  national  government 
continuously  to  the  present  time. 

The  scientific  application  of  chemistry  to  agriculture  in  this 
country  probably  had  its  beginning  when  the  lectures  of  Sir  Hum¬ 
phry  Davy  on  “  Elements  of  Agricultural  Chemistry,”  delivered  in 
1802  before  the  Royal  Agricultural  Society  of  England,  were  first 
published  in  the  United  States  in  1815.  Isaac  Newton,  the  first 
commissioner  of  the  Department  of  Agriculture,  in  his  first  annual 
report,  for  1862,  made  the  following  statement  concerning  this 
scientist,  whom  he  credited  with  establishing  agricultural  chemistry 
as  a  department  of  science. 

.  .  .  The  fundamental  principle  which  he  developed  and  dem¬ 
onstrated  was  this — that  the  productions  of  the  soil  derive  their 
component  elements,  which  for  the  most  part  are  hydrogen, 
oxygen,  and  nitrogen,  either  from  the  atmosphere  by  which  they 
are  surrounded  or  from  the  soil  in  which  they  grow.  He  showed 
that  the  process  of  vegetation  depends  upon  the  perpetual  assimila¬ 
tion  of  various  substances  to  the  organs  of  the  plants  in  conse¬ 
quence  of  the  exertion  of  their  living  powers  and  their  chemical 
affinities,  stimulated  chiefly  by  moisture,  light,  and  heat.  The 
discoveries  in  chemical  science  before  Davy’s  time  had  undoubtedly 
prepared  the  way  for  his  triumph,  but  he  is  none  the  less  entitled  to 
praise.  He  first  recognized  a  plant  as  a  living  thing,  the  laws  of 
whose  existence  were  to  be  studied  in  order  to  develop  a  perfect 
growth.  He  showed,  by  analysis  of  soils  and  plants,  what  prop¬ 
erties  and  conditions  would  best  furnish  the  elements  needed  in 
cultivation. 
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According  to  a  statement  by  Dr.  Harvey  W.  Wiley,1  the  chemi¬ 
cal  knowledge  of  the  composition  and  functions  of  fertilizers  and 
manures  at  this  time  was  very  vague.  Experience  of  a  wholly 
empirical  nature  had  shown  from  the  earliest  history  of  agriculture 
the  value  of  certain  refuse  products  of  the  stable  and  the  barnyard 
in  increasing  the  yield  of  crops,  but  the  component  parts  of  these 
materials  and  the  manner  in  which  they  acted  was  entirely  un¬ 
known. 

Early  accounts  of  scientific  agriculture  recognized  the  great 
value  of  gypsum  as  a  fertilizing  material,  and  all  the  writers  at  the 
beginning  of  the  nineteenth  century  referred  favorably  to  its  use. 
The  use  of  marl  was  also  understood  at  this  time,  in  fact,  marl  beds 
in  northern  France  and  southern  Belgium  have  been  constantly 
exploited  since  the  time  of  the  Roman  conquest.  The  true  function 
of  marl  as  a  fertilizer,  however,  was  but  little  understood,  and  its 
chemical  composition  was  practically  unknown  by  those  using  it. 

The  value  of  ashes  was  fully  recognized,  but  the  fact  that  their 
principal  value  is  due  to  the  potash  and  lime  which  they  contain 
was  not  known  to  the  earlier  scientific  agriculturists. 

In  Plymouth,  in  1621,  the  colonists  were  taught  by  the  Indians 
to  fertilize  their  fields  artificially  with  fish,  but  little  was  known  of 
the  nature  of  these  fertilizing  materials  or  the  manner  in  which 
they  nourished  the  plants. 

One  of  the  first  publications  issued  in  this  country  dealing  with 
the  subject  of  soil  fertilization,  was  a  work  entitled  “Arator :  being 
a  series  of  Agricultural  Essays,  Practical  and  Political  ...  by  a 
citizen  of  Virginia,”  written  by  Colonel  John  Taylor,  a  prominent 
planter  of  Virginia,  and  printed  in  Georgetown,  District  of  Co¬ 
lumbia.  It  had  previously  been  published  as  a  series  of  articles  in 
the  “  Spirit  of  Seventy-Six  ”  in  1809  or  1810.  The  views  expressed 
in  this  book  by  Colonel  Taylor  have  been  summarized  as  follows : 
“  The  secret  of  success  in  agriculture  lies  in  the  free  use  of 
putrescent  vegetable  matter  as  a  manure.  In  the  ordinary  process 
of  handling  such  materials  as  are  not  used  for  this  purpose,  much 
of  the  valuable  fertilizing  material  is  lost,  being  of  a  gaseous  nature 
and  passing  off  into  the  atmosphere  during  the  process  of  putre- 

1  The  Relations  of  Chemistry  to  the  Progress  of  Agriculture,  H.  W.  Wiley. 
Department  of  Agriculture  Yearbook,  1899,  pp.  201-58. 
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faction.  The  manure  should  be,  therefore,  incorporated  with  the 
soil  before  the  processes  of  decay  have  started,  so  that  this  valuable 
matter  may  be  saved.  Too  much  land  is  used  for  grazing.  This 
land  should  be  used  rather  for  the  cultivation  of  crop,  and  the  crops 
fed  to  the  cattle  at  once  (the  modern  soiling  system).  The  manure 
made  by  the  cattle  should  be  at  once  plowed  under,  together  with 
the  waste  fodder.  Clovers  should  be  largely  grown  and  plowed 
under  to  add  fertility  to  the  soil.  Gypsum  will  increase  the  clover 
yield.  Deep  plowing  should  be  the  rule/’ 2  This  work  at  once 
obtained  great  popularity,  and  was  issued  in  at  least  six  editions. 

One  of  the  most  thorough  American  investigators  about  the 
beginning  of  the  nineteenth  century  was  Edmund  Ruffin,  another 
Virginia  planter.  After  unsuccessfully  attempting  for  six  years  to 
apply  the  principles  enunciated  in  Colonel  Taylor’s  book  to  the 
improvement  of  his  land,  Mr.  Ruffin,  in  1818,  began  experimenting 
with  marl,  extensive  beds  of  which  were  found  on  his  land.  He 
believed  that  the  addition  of  marl  corrected  the  natural  acidity  of 
the  soil,  and  that  it  assisted  in  the  preservation  of  organic  manures 
from  loss  of  the  gaseous  products  of  decomposition  while  hastening 
decomposition  itself.  In  this  he  foreshadowed  to  a  great  degree  the 
discoveries  of  later  years  with  reference  to  the  action  of  soil  bac¬ 
teria,  for,  as  is  now  known,  certain  of  the  nitrifying  organisms  in 
the  soil  are  capable  of  action  only  in  neutral  or  alkaline  soils  and 
thrive  best  in  the  presence  of  a  small  amount  of  alkali 

The  marls  first  used  by  Mr.  Ruffin  were  valuable  only  from  their 
content  of  lime,  no  phosphoric  acid  or  potash  being  present,  but 
later,  after  his  removal  to  another  estate,  he  used  greensand  which 
contained  certain  amounts  of  potash  and  probably  also  some  phos¬ 
phoric  acid.  His  experiments  with  marl  were  successful  from  the 
start,  resulting  in  some  instances  in  crops  from  the  marled  fields 
more  than  twice  as  great  as  from  the  same  fields  before  marling. 

While  carrying  his  experiments  over  a  long  series  of  years,  Mr. 
Ruffin  kept  accurate  records  of  the  history  of  each  plat  of  ground, 
making  frequent  comparisons  between  the  measured  yields  of 
marled  and  unmarled  fields.  Marl  was  tried  with  and  without 
manure,  and  manure  was  tried  with  and  without  marl.  The  results 
obtained  demonstrated  the  great  advantage  of  the  use  of  marl. 


2  Ibid.,  1895,  p.  496. 
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Mr.  Ruffin  published  the  results  of  his  experiments  at  first  in  a 
short  article  of  seven  pages  entitled  “An  Essay  on  Calcareous 
Manures  ”  in  the  American  Farmer,  of  Baltimore,  December  28, 
1 82 1. 3  This  essay  was  later  expanded  into  book  form,  reaching  its 
fifth  edition  of  493  pages  in  1852.  As  a  result  of  this  and  other 
publications  by  the  same  author,  a  large  proportion  of  the  farm 
owners  in  the  tidewater  district  of  Virginia  were  led  to  the  use  of 
marl. 

The  first  actual  knowledge  of  fertilizing  materials  in  this  country 
came  from  the  republication  of  Sir  Humphry  Davy’s  lectures, 
which  produced  the  first  real  impression  of  a  scientific  nature,  of 
the  relation  of  chemistry  to  the  progress  of  agriculture.  Many  of 
Davy’s  lectures  were  on  the  subject  of  manures,  in  which  he 
treated  of  the  manures  of  vegetable  and  animal  origin,  of  the  man¬ 
ner  in  which  they  became  the  nourishment  of  the  plant,  of  fermen¬ 
tation  and  putrefaction,  of  mixed  manures,  of  general  principles  in 
respect  of  the  use  and  application  of  manures  of  mineral  or  animal 
origin,  of  fossil  manures,  of  lime,  of  gypsum,  of  alkaline  salts  em¬ 
ployed  as  manures,  of  alkalies,  and  of  common  salt.  He  first  an¬ 
nounced  the  general  principle  that  all  manures  must  practically  be 
dissolved  before  they  can  enter  the  organism  of  the  plant. 

As  late  as  1815  there  was  no  practical  appreciation  of  the  use  of 
mineral  fertilizers,  and  the  notions  regarding  the  application  of 
vegetable  and  animal  matters  for  fertilizing  purposes  were  in  most 
cases  erroneous  and  the  knowledge  of  their  good  effects  principally 
empirical. 

In  1832  and  1833  a  formal  investigation  was  made  by  the  Com¬ 
mittee  on  Trade  and  Manufactures  of  the  New  York  legislature 
on  the  manufacture  of  potash  and  pearlash,  Dr.  Lewis  C.  Beck, 
later  employed  as  chemist  by  the  United  States  Patent  Office,  being 
appointed  to  study  the  processes  of  manufacture  and  to  make 
analyses  of  various  samples  purchased  on  the  market.  The  results 
of  these  investigations  were  published  in  the  documents  of  the 
New  York  legislature. 

One'of  the  earliest  books  on  agricultural  chemistry  by  an  Ameri¬ 
can  was  “A  Muck  Manual  for  Farmers :  a  treatise  on  the  physical 
and  chemical  properties  of  soils ;  the  chemistry  of  manures ;  includ- 

3  Vol.  Ill,  p.  313. 
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in g  also  the  subjects  of  composts,  artificial  manures  and  irrigation,” 
by  Samuel  L.  Dana,  published  originally  in  1838,  but  subsequently 
reprinted  in  several  editions.  Mr.  Dana,  who  was  a  chemist  in  the 
print  works  of  a  textile  establishment,  while  carrying  on  researches 
on  the  action  of  cow-dung  in  calico  dyeing,  pushed  his  inquiries 
into  the’  nature  and  action  of  manures  and  of  soil,  resulting  in  the 
publication  of  this  manual. 

The  following  extract  from  Dr.  Wiley’s  article  on  “  The  Rela¬ 
tion  of  Chemistry  to  the  Progress  of  Agriculture  ”  in  the  Yearbook 
for  1899,  gives  a  review  of  the  knowledge  of  the  relation  of  chem¬ 
istry  to  agriculture  at  about  the  time  when  the  Patent  Office  began 
to  take  up  agricultural  chemistry  as  one  of  the  activities. 

The  publication  of  Liebig’s  work  entitled  “  Chemistry  in  its 
Applications  to  Agriculture  and  Physiology,”  in  1840,  marked  a 
complete  change  in  the  theories  of  chemistry  in  respect  of  agricul¬ 
ture  existing  at  the  beginning  of  the  century  as  portrayed  in  pre¬ 
ceding  pages,  and  inaugurated  the  new  science  of  agriculture,  rest¬ 
ing  upon  his  investigations  as  a  foundation.  .  .  . 

Previous  to  the  time  of  Liebig  ...  it  was  commonly  under¬ 
stood  that  organic  substances,  such  as  sugars  and  oils,  were  the 
chief  foods  of  plants,  either  in  the  fresh  state  or  in  the  partially 
decayed  condition  known  as  humus.  In  fact,  the  attitude  of  chem¬ 
istry  toward  agriculture  in  the  first  four  decades  of  the  century 
was  so  strongly  marked  on  this  point  that  the  whole  system  of 
plant  nutrition,  as  understood  at  that  time,  might  with  propriety 
be  designated  the  humus  theory.  Although  other  writers  before 
the  time  of  Liebig  had  intimated  that  the  air  and  water,  and  not  the 
earth,  were  the  sources  of  the  carbon,  oxygen,  and  hydrogen  in 
plants,  it  must  be  admitted  that  it  was  through  the  researches  of 
Liebig  that  the  great  principles  of  plant  nutrition,  founded  on  the 
elaboration  of  the  elements  of  carbohydrates  from  the  air  and 
water,  were  fully  developed.  As  in  most  other  instances,  however, 
the  tendency  of  mankind  to  reach  extremes  was  shown  on  this 
point.  Liebig  in  his  fight  against  the  humus  theory  naturally  went 
to  the  other  extreme  of  denying  that  the  humus  took  any  part  at 
all  in  plant  nutrition.  He  based  his  chief  objection  to  the  humus 
theory  on  the  ground  that  humus  was  practically  insoluble,  and  that 
therefore  it  could  not  enter  into  the  circulation  of  the  plants.  This 
argument  we  know  now  is  not  a  valid  one,  but  it  served  as  the  basis 
of  an  attack  upon  an  erroneous  theory  which  had  established  itself 
firmly  in  the  minds  of  advanced  agriculturists.  .  .  . 
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.  .  .  Liebig-  was  the  first  to  study  systematically  the  subject  of 
mineral  or  artificial  manures,  and  his  views  in  this  matter  soon 
found  their  way  into  the  United  States.  In  the  agricultural  part  of 
the  Patent  Office  Report  for  the  year  1845  Liebig  contributes  an 
interesting  letter  on  the  subject  of  artificial  manures.  In  this  letter 
it  is  believed  the  true  principles  connected  with  artificial  manuring 
were  first  brought  to  the  attention  of  American  farmers.  Among 
the  artificial  manures  mentioned  by  Liebig  in  this  letter  are  the 
earthy  phosphates,  of  which  at  that  time,  practically  only  one 
variety,  namely,  apatite,  was  known  to  exist.  .  .  . 

Although  the  views  of  Liebig  were  first  promulgated  in  1840, 
and,  as  indicated,  were  placed  before  the  farmers  of  America  as 
early  as  1845,  we  find  that  as  late  at  1848  grave  doubts  of  their 
accuracy  were  still  entertained  by  those  in  charge  of  the  Agricul¬ 
tural  Division  of  the  Patent  Office.  .  .  . 

Governmental  Activities  in  Agricultural  Chemistry,  Soils, 
and  Fertilizers  Before  1862.  The  encouragement  of  agriculture 
by  governmental  action 4  was  officially  advocated  as  early  as  Decem¬ 
ber  7,  1796,  in  the  eighth  annual  message  of  President  Washington, 
and  similar  recommendations  were  made  by  the  early  Presidents 
who  succeeded  him  and  by  committees  of  Congress. 

American  representatives  abroad,  such  as  diplomatic,  consular, 
and  naval  officers  from  the  beginning  and  even  in  colonial  times, 
engaged  in  the  practice  of  sending  home  seeds  and  cuttings  of 
foreign  plants  with  the  view  of  introducing  new  varieties  into  this 
country.  In  1830  the  House  of  Representatives  requested  the  Presi¬ 
dent  “  to  cause  to  be  procured  such  varieties  of  sugar  cane  and  other 
cultivated  agricultural  products  as  may  best  be  adapted  to  the 
climate  and  soil  of  the  United  States.”  In  the  same  year  the  House 
of  Representatives  adopted  a  resolution  instructing  the  Secretary 
of  the  Treasury  to  have  prepared  a  manual  of  sugar  culture  and 
sugar  refining.8  In  August,  1832,  Dr.  Benjamin  Silliman  was 
engaged  to  do  this  work  in  collaboration  with  a  number  of  other 
chemists.  Dr.  Silliman’s  report,  entitled  “  Manual  on  the  Cultiva¬ 
tion  of  the  Sugar  Cane  and  Fabrication  and  Refinement  of  Sugar/’ 

4  For  a  statement  of  the  early  efforts  for  the  encouragement  of  agriculture, 
see  Institute  for  Government  Research — Service  Monograph  No.  47,  Bureau 
of  Plant  Industry. 

5  21  Cong.  1  sess.,  H.  res.  3,  in  H.  rep.  III. 
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a  book  of  122  pages,  was  published  in  1833.*  This  was  the  first 
occasion  when  chemists  were  employed  by  the  national  government 
to  study  agricultural  production  problems. 

In  1836  the  Commissioner  of  Patents,  Henry  L.  Ellsworth,  inde¬ 
pendently  of  his  office,  undertook  to  distribute  at  his  own  expense 
seeds  and  plants  of  foreign  origin,  and  in  his  annual  report  for 
1837  he  urged  the  creation  of  a  national  agency  for  the  encourage¬ 
ment  of  agriculture.  This  was  done  by  the  act  of  March  3,  1839 
(5  Stat.  L.,  353,  354),  which  made  an  appropriation  of  $1000 
“  out  of  the  patent  fund  to  be  expended  by  the  Commissioner  of 
Patents  in  the  collection  of  agricultural  statistics,  and  for  other 
agricultural  purposes.”  The  Office  of  Commissioner  of  Patents  at 
that  time  was  in  the  State  Department,  but  on  March  3,  1849,  it 
was  transferred  to  the  Department  of  the  Interior,  which  was 
created  on  that  date  (9  Stat.  L.,  395).  The  work  of  the  national 
government  for  the  encouragement  of  agriculture  continued  to  be 
carried  on  in  the  Patent  Office  until  the  creation  of  a  Department 
of  Agriculture  as  an  independent  establishment  in  1862. 

During  the  period  when  the  agricultural  work  of  the  national 
government  was  carried  on  in  the  Patent  Office,  chemical  investiga¬ 
tions  of  agricultural  subjects  constituted  the  chief  scientific  inquiries 
in  the  agricultural  field.  This  chemical  work  was  originally  con¬ 
cerned  with  the  development  of  principles  upon  which  plant  nutri¬ 
tion  is  based,  but  soon  after,  the  aid  of  chemistry  was  invoked  also 
in  the  establishment  of  principles  of  animal  feeding.  At  that  time 
there  was  no  separate  unit  for  chemical  work  in  the  Patent  Office. 
The  Commissioner  of  Patents  occasionally  employed  a  chemist  to 
do  a  specific  piece  of  work,  the  results  of  which  were  incorporated 
in  his  annual  reports.  He  also  reproduced  in  these  reports  from 
time  to  time,  articles  and  extracts  from  articles  on  agricultural 
chemical  topics  written  by  persons  not  in  the  service  of  the  Patent 
Office. 

The  earliest  mention  of  any  work  in  agricultural  chemistry  by 
the  Patent  Office  was  a  discussion  in  the  annual  report  of  the  Com¬ 
missioner  of  Patents  for  1841,  which  was  continued  in  a  number  of 
subsequent  reports,  concerning  the  extraction  of  sugar  from  corn- 


21  Cong.  2  sess.,  H.  doc.  62. 
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stalks  and  suggestions  for  increasing  the  saccharine  quality  of  the 
stalk.  Attention  was  also  given  at  this  time  to  analyses  of  manures. 

In  his  annual  report  for  1843,  the  Commissioner  of  Patents  gave 
expression  to  his  appreciation  of  agricultural  chemistry  in  the  fol¬ 
lowing  words : 

The  science  of  chemistry,  applied  to  agriculture  has  furnished 
analyses  of  soils,  and,  by  determining  the  nature  of  the  elements  or 
constituent  parts  of  the  various  kinds  and  combinations  of  these 
also  in  the  vegetable  production,  has  enabled  many  to  judge  as  to 
what  are  the  elements  needed  to  be  supplied  in  the  form  of  manure. 
Similar  investigations  have  been  made  into  the  character  of  the 
substances  generally  used  as  manures ;  and  the  result  has  been  to 
develop  the  principles  which  constitute  more  especially  the  nutritive 
parts  of  these  fertilizers  of  the  soil. 

In  his  annual  report  for  1845  he  said,  “  In  the  analysis  of  soils, 
products,  manures,  and  the  food  of  cattle  and  other  stock,  chemistry 
has  already  conferred  immense  benefits  upon  the  agriculturist.” 

Annual  reports  of  the  Commissioner  of  Patents  as  early  as  1847 
give  the  results  of  analyses  made  of  the  cereals  and  certain  other 
vegetable  crops  and  other  agricultural  products.  All  of  this  work 
in  agricultural  chemistry,  soils,  and  fertilizers  was  carried  on  by  the 
Patent  Office  under  authority  of  an  annual  appropriation  “  for  the 
collection  of  statistics  and  for  other  agricultural  purposes.” 

The  first  specific  appropriation  made  by  Congress  for  chemical 
analyses  of  agricultural  products  was  in  the  act  of  August  12,  1848 
(9  Stat.  L.,  284,  285)  making  appropriation  for  the  fiscal  year 
1849.  It  provided  “  for  defraying  the  expenses  of  chemical 
analyses  of  vegetable  substances  produced  and  used  for  the  food 
of  man  and  animals  in  the  United  States,  to  be  expended  under 
the  direction  of  the  Commissioner  of  Patents,  one  thousand  dollars  ; 
the  said  sum  to  be  paid  out  of  the  patent  fund.”  This  appropriation 
was  repeated  the  following  year. 

In  his  annual  report  for  1849,  the  Commissioner  of  Patents  for 
the  first  time  issued  a  separate  part  (Part  2)  devoted  to  agriculture. 

The  appropriations  for  1849  and  1850  enabled  the  Commissioner 
to  engage  the  services  of  Professor  Lewis  C.  Beck,  M.  D.,  of 
Rutgers  College,  New  Brunswick,  New  Jersey,  an  analytical 
chemist,  who  had  taken  a  leading  part  in  agricultural  chemical 
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research.  In  his  work  for  the  Patent  Office,  Dr.  Beck  carried  on  a 
series  of  analyses  of  different  grains  and  of  flour  produced  in  this 
country.  He  gave  special  attention  to  the  effect  of  soil  and  climate 
upon  the  different  varieties  of  grain  produced  in  this  country  and 
to  the  effect  of  a  sea  voyage  and  of  storage  upon  the  flour  and 
meal  manufactured  from  grain  produced  here  and  sent  abroad. 
Dr.  Beck's  “  Report  on  the  Breadstuff s  of  the  United  States  ” 
covered  twenty-nine  pages  of  the  Patent  Office  Report  for  1848 
and  thirty-four  pages  of  the  same  report  for  1849.  After  describing 
his  methods  for  analyzing  flours  and  for  detecting  the  presence  of 
adulterants,  Dr.  Beck,  in  his  report,  made  some  important  observa¬ 
tions  on  the  best  means  of  controlling  fraud  and  of  improving  the 
character  of  American  breadstuffs.  In  this  work  he  introduced  the 
first  systematic  plan  for  determining  the  character  of  the  cereals 
of  the  United  States,  and  indicated  methods  of  analysis  for  the 
guidance  of  other  chemists  engaged  in  similar  work.  Dr.  Beck’s 
report  was  the  first  report  of  a  completed  federal  project  in  agri¬ 
cultural  chemistry  and  in  food  research. 

Before  his  connection  with  the  Patent  Office,  Dr.  Beck  published, 
in  1846,  a  book  on  “Adulteration  of  Various  Substances  used  in 
Medicine  and  the  Arts.”  He  is  said  to  have  been  the  first  person, 
engaged  under  specific  congressional  appropriations,  to  apply  the 
exact  methods  of  chemical  research  to  the  regulatory  problems  of 
food  and  drugs,  and  thus  to  have  paved  the  way  for  future  research 
upon  food  and  drug  control  in  the  United  States. 

The  Patent  Office  at  this  time  also  carried  on  research  work  on 
the  chemical  composition  of  dairy  products.  The  annual  report 
for  1849  contains  the  first  official  account  of  work  in  this  field. 
The  same  report  gives  the  results  of  a  study  on  the  improvement 
of  worn-out  lands  by  the  use  of  peas  and  clover.  Nearly  all  of  these 
studies,  undertaken  in  the  Patent  Office  about  the  year  1848,  have 
been  continued  in  some  form  intermittently  in  the  Department  of 
Agriculture  to  the  present  time. 

After  the  second  appropriation  for  agricultural  chemical  work 
in  the  Patent  Office  and  until  1851,  the  only  appropriations  for 
agriculture  were  made  “  for  the  collection  of  agricultural  statis¬ 
tics,”  and,  after  1851,  “  for  the  collection  of  agricultural  statistics 
and  the  procurement  and  distribution  of  seeds  and  cuttings,”  no 
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appropriations  being  made  for  any  other  specified  agricultural  pur¬ 
poses  until  1856. 

Nevertheless,  it  appears  from  the  annual  reports  of  the  Com¬ 
missioner  of  Patents,  that  the  investigational  work  in  agriculture 
continued  during  this  period,  and  that  the  chemical  analyses  of 
agricultural  products,  especially  sugar  cane,  textile  fibers,  cereals, 
apples  and  rhubarb,  and  the  chemical  study  of  soils  and  fertilizers, 
constituted  an  important  part  of  the  agricultural  work  of  the  Patent 
Office.  In  the  introductory  statement  of  the  annual  report  for 
1851  the  Commissioner  of  Patents  again  called  attention  to  the 
importance  of  chemistry  in  Agriculture,  saying,  “  Chemistry,  the 
handmaid  of  all  the  sciences,  has  within  a  few  years  past  con¬ 
tributed  largely  to  the  development  of  agricultural  resources ;  and 
in  most  of  the  agricultural  schools  a  competent  knowledge  of  this 
subject  is  made  the  basis  of  education.” 

In  the  annual  report  for  1853  microchemical  reactions  for  starch, 
dextrine,  phosphates,  etc.,  in  Indian  corn  were  presented. 

An  act  of  May  15,  1856  (11  Stat.  L.,  10,  14),  making  deficiency 
appropriation  for  the  fiscal  year  1856,  included  the  item  “  for 
promoting  agriculture  and  rural  economy,”  thus  authorizing  in 
general  terms  the  carrying  on  of  investigations  in  agricultural 
chemistry.  This  item  appeared  in  each  subsequent  appropriation 
for  the  agricultural  activities  of  the  Patent  Office. 

In  1857  the  Commissioner  of  Patents  engaged  the  services  of  a 
chemist  “  to  make  investigations  in  the  quantitative  analysis  of  the 
cotton  plant,  and  the  soils  in  which  it  grows,  researches  on  the 
Chinese  and  African  sugar-canes  in  reference  to  the  amount 
of  alcohol  and  saccharine  matter  contained  therein,  as  well  as  the 
nutritive  properties  of  the  Chinese  yam,  the  common  potato,  chufa, 
and  of  Indian  corn.” 

In  1858,  two  chemists  were  commissioned  in  different  parts  of 
the  country  to  make  investigations  in  the  quantitative  analysis  of  the 
ash  of  the  tobacco  plant,  and  of  the  soils  in  which  it  grows,  with 
the  object  of  determining  the  influence  on  the  land  and  assigning 
to  it  a  proper  place  in  the  rotation  of  crops.  In  carrying  on  these 
researches,  other  chemists  were  frequently  consulted,  and  at  times 
employed,  in  different  parts  of  the  country,  to  make  tests  and  re¬ 
searches.  The  results  of  these  researches  were  published  in  the 
annual  reports  of  the  Commissioner  of  Patents. 
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The  following  extracts  from  the  annual  report  for  i860,  illus¬ 
trate  the  importance  attached  to  the  work  in  agricultural  chemistry 
and  soils  at  that  time: 

The  duties  of  a  chemist  in  connection  with  this  division  are  most 
important.  We  should  be  able  to  give  information  upon  all  ques¬ 
tions  of  general  interest,  relating  to  agriculture  as  connected  with 
the  sciences,  such  as  the  analysis  of  soils  and  of  all  other  substances, 
the  effects  of  geological  formations  on  soils,  and  the  composition 
of  the  divers  mineral  substances.  In  the  yearly  Report  it  is  im¬ 
portant  to  give  a  summary  of  the  advancement  of  this  science  con¬ 
nected  with  agriculture  and  for  this  he  should  have  the  acquire¬ 
ments  which  would  enable  him  to  discriminate  with  accuracy. 

*  *  *  * 

In  many  ways  the  government  would  receive  direct  benefit  from 
the  establishment  of  an  efficient  chemical  laboratory. 

*  *  *  * 

As  the  science  of  chemistry  takes  cognizance  of  the  properties 
of  all  substances,  and  of  their  action  upon  each  other,  its  varied 
and  multiplied  connections  with  all  that  appertains  to  agriculture 
is  without  limit. 

The  same  report  contains  notes  and  extracts  from  journals, 
papers,  etc.,  concerning  the  progress  of  agricultural  science,  includ¬ 
ing  preservation  of  food,  means  of  determining  the  quality  of  milk, 
soil  analyses,  source  and  uses  of  nitrogen  in  agriculture,  employ¬ 
ment  of  nitrogen  of  the  atmosphere  for  the  production  of  ammonia 
for  fertilizing  purposes,  etc. 

In  i860  the  Agricultural  Division  of  the  Patent  Office  comprised 
as  its  personnel :  A  superintendent ;  four  clerks,  including  trans¬ 
lators  and  writers ;  and  a  curator  or  gardener  and  assistants.  Its 
average  annual  expense  from  1858  to  i860  was  about  $53,000, 
which  included  the  cost  of  purchase  and  distribution  of  seeds  and 
plants. 

The  establishment  of  a  Department  of  Agriculture  was  recom¬ 
mended  by  the  superintendent  as  early  as  January  29,  1861, 7  and 
one  of  the  proposed  functions  was  “chemical  aid  and  investigation.” 

In  an  item  of  an  act  of  March  1,  1862  (12  Stat.  L.,  348,  350), 
making  appropriation  for  the  Patent  Office  for  1863,  provision  was 
made  “  for  investigations  to  test  the  practicability  of  preparing 

7  Commissioner  of  Patents,  Annual  Report,  1861,  pt.  2,  p.  22. 
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flax  and  hemp  as  a  substitute  for  cotton.”  This  was  the  last  specific 
appropriation  made  for  the  Patent  Office  involving  work  in  agri¬ 
cultural  chemistry.  Another  appropriation  for  the  same  purpose 
was  made  the  following  year,  to  be  expended  by  the  Department 
of  Agriculture. 

Chemical  Unit  in  the  Department  of  Agriculture,  1862  to 
1927.  The  work  upon  soils,  fertilizers,  cattle  feeds,  agricultural 
products,  etc.,  carried  on  by  the  Chemistry  Unit  of  the  Department 
of  Agriculture  during  the  period  from  1862  to  1906,  was  mainly 
investigational  and  educational,  and  until  1879  no  serious  effort 
was  made  to  add  any  regulatory  functions  to  the  work  of  this  unit. 
From  January  1,  1907,  to  June  30,  1927,  however,  a  constantly 
increasing  amount  of  the  appropriations  of  the  Bureau  of  Chemis¬ 
try  was  devoted  to  regulatory  work. 

On  May  15,  1862,  an  act  was  approved  (12  Stat.  L.,  387)  estab¬ 
lishing  a  Department  of  Agriculture  the  general  designs  and  duties 
of  which  were  defined  to  be  “  to  acquire  and  to  diffuse  among  the 
people  of  the  United  States  useful  information  on  subjects  con¬ 
nected  with  agriculture  in  the  most  general  and  comprehensive  sense 
of  that  word,  and  to  procure,  propagate,  and  distribute  among  the 
people  new  and  valuable  seeds  and  plants.”  The  chief  executive 
officer  was  designated  “  Commissioner  of  Agriculture.”  He  had  no 
seat  in  the  President’s  Cabinet  at  that  time,  but  an  act  of  February 
9,  1889  (25  Stat.  L.,  659),  raised  the  status  of  the  Department  of 
Agriculture  to  a  cabinet  department  and  changed  the  title  of  the 
chief  executive  to  Secretary  of  Agriculture.  The  act  of  1862 
authorized  the  Commissioner  of  Agriculture  to  “  employ  other  per¬ 
sons  for  such  time  as  their  services  may  be  needed,  including 
chemists,  botanists,  entomologists,  and  other  persons  skilled  in  the 
natural  sciences  pertaining  to  agriculture.” 

The  Department  of  Agriculture  entered  into  operation  on  July  1, 
1862,  replacing  the  Agricultural  Division  of  the  Patent  Office, 
which  at  that  time  was  a  bureau  of  the  Department  of  the  Interior. 
At  the  same  time  the  Division  of  Chemistry  was  established  as  the 
first  scientific  unit  of  the  newly  created  Department.  It  was  ad¬ 
vanced  to  the  rank  of  a  bureau  on  July  1,  1901,  and  remained  a 
separate  bureau  until  June  30,  1927,  when  the  reorganization  men¬ 
tioned  on  page  1  was  effected. 
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In  his  first  annual  report  to  the  President  (1862),  the  Com¬ 
missioner  of  Agriculture,  Isaac  Newton,  called  attention  to  the 
importance  of  chemistry  to  agriculture  in  the  following  words  : 

In  order  to  make  the  farmer  most  successful  and  thus  to  advance 
agriculture  ...  he  should  study  chemistry  as  applied  to  soils, 
plants,  grains,  animals,  manures,  climates,  localities,  and  tillage. 
This  science  applied  to  agriculture,  teaches  him  that  of  the  sixty- 
four  simple  substances  some  thirteen  go  to  form  vegetation.  .  .  . 
Chemistry  by  its  powers  of  analysis,  reveals  the  nature  and  com¬ 
position  of  soils ;  teaches  the  proper  kind,  value,  and  application 
of  manures;  the  mode  and  means  of  nutrition;  and  the  knowledge 
of  supplying  wants  and  of  correcting  deficiencies  and  excesses, 
wherever  noticed,  in  cultivation.  ...  It  can  easily  be  shown  that 
there  is  no  occupation  of  life  where  extensive  knowledge  is  more 
necessary  than  in  the  proper  cultivation  of  the  soil.  There  is  no 
occupation  so  intimately  blended  with  all  the  branches  of  the  natural 
sciences ;  to  which  geology,  chemistry,  botany,  and  entomology  are 
such  valuable  auxiliaries. 

Commissioner  Newton  at  that  time  indicated  as  the  first  of  the 
scientific  objects  of  the  Department:  “Analysis,  by  means  of  a 
chemical  laboratory,  of  various  soils,  grains,  fruits,  plants,  vege¬ 
tables,  and  manures,  and  publishing  the  results  for  the  guidance 
and  benefit  of  agriculturists.” 

From  the  year  1862  when  the  first  chemist  was  appointed  and  a 
Chemical  Division  was  organized  in  the  Department  of  Agriculture 
until  1901  when  the  status  of  the  chemical  unit  was  raised  to  the 
Bureau  of  Chemistry,  the  character  of  the  chemical  work  performed 
was  largely  determined  by  requests  from  members  of  Congress 
for  tests  of  materials  submitted  by  their  constituents  and  by  similar 
requests  from  miscellaneous  correspondents.  The  work  was  greatly 
handicapped  by  small  appropriations,  and  until  the  appointment  of 
Dr.  Harvey  W.  Wiley  in  1883,  by  frequent  changes  in  director¬ 
ship.  However,  during  this  period,  a  few  definite  lines  of  purely 
research  work  were  established,  and  these  early  investigations  laid 
the  broad  foundation  for  various  activities  which  developed  in 
later  years. 

The  first  chemist  of  the  Department  of  Agriculture  was 
Charles  M.  Wetherill,  who  was  appointed  to  that  position  on 
August  21,  1862,  but  having  been  assigned  to  other  work  by  the 
President,  he  did  not  enter  upon  his  duties  as  Chemist  of  the  De¬ 
partment  of  Agriculture  until  the  end  of  October,  1862. 
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An  appropriation  for  the  newly  created  Department  of  Agricul¬ 
ture,  made  in  the  act  of  February  25,  1863  (12  Stat.  L.,  682,  691), 
included,  among  other  items,  one  “  for  promoting  agricultural  and 
rural  economy/’  and  an  item  “  for  establishing  a  laboratory,  with 
the  necessary  apparatus  for  practical  and  scientific  experiments 
in  agricultural  chemistry.” 

The  first  report  of  the  newly  appointed  Chemist  was  submitted 
for  publication  January  1,  1863,  and  appeared  in  the  first  annual 
report  of  the  Commissioner  of  Agriculture  for  1862.  It  was  the 
only  scientific  report  to  be  submitted  during  the  first  year  of  the 
Department’s  activities  and  marks  the  inception  of  chemical  re¬ 
search  in  the  newly  created  Department.  This  report  covers  the 
analysis  of  grape  juices,  of  sorghum  and  imphee,  the  examination 
of  various  sugars  and  sirups,  the  analysis  of  beets,  and  an  article 
on  the  chemistry  of  sugar  manufacture,  thus  establishing  at  the 
beginning,  important  lines  of  work  which  have  become  major  activi¬ 
ties.  There  was  no  report  of  the  chemist  in  the  annual  Report  of 
the  Commissioner  of  Agriculture  for  the  fiscal  year  1863. 

Dr.  Wetherill  resigned  in  1863  and  was  succeeded  by  Henri 
Erni,  who  took  office  about  July  1,  1864.  The  report  of  the  Chemist 
for  1864  related  to  organic  or  vinous  fermentation,  acetic  fermenta¬ 
tion,  butyric-acid  fermentation,  theories  of  the  origin  of  molds  or 
other  fungi,  methods  of  detecting  the  artificial  coloring  matter  in 
wines,  and  analyses  of  wines,  soils,  and  guanos. 

The  report  for  1865  was  devoted  to  some  of  these  subjects  and 
to  the  analysis  of  sugar  beets  and  imphee,  and  to  miscellaneous 
work  of  various  descriptions.  The  fiscal  year  1865  marked  the 
beginning  of  cooperative  work  with  other  departments,  when 
postage  stamps  and  cancelling  inks  were  examined  for  the  Post 
Office  Department. 

Specific  provision  for  the  salary  of  a  chemist  was  not  made  until 
the  appropriation  act  of  June  25,  1864  (13  Stat.  L.,  145,  155), 
which  provided  for  one  chemist  at  an  annual  salary  of  $2000,  and 
an  assistant  chemist  at  an  annual  salary  of  $1400.  This  act  had 
items  “  for  the  purchase  of  a  library  and  laboratory  ”  and  “  for 
collecting  agricultural  statistics  and  information  for  reports  ”  but 
contained  no  specific  appropriation  for  agricultural  chemistry.  For 
the  next  two  years  no  specific  appropriation  was  made  either  for 
a  chemist  or  “  information  for  reports.” 
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In  1866,  Dr.  Thomas  Antisell  succeeded  Heni  Erni  as  Chemist  of 
the  Department  of  Agriculture.  His  first  report,  for  1866,  dealt 
with  the  analysis  of  soils  and  manures,  agricultural  products,  and 
mineral  and  metallurgical  analyses.  In  this  report  Dr.  Antisell 
suggested  the  importance  of  establishing  an  experimental  garden. 
He  also  mentioned  making  analyses  for  other  departments  of  the 
public  service.  The  report  for  1867  contained  an  elaborate  discus¬ 
sion  of  the  analyses  of  sugar  beets  and  of  the  sugar  beet  industry, 
thus  laying  the  foundation  for  the  extensive  developments  in  this 
field  which  were  subsequently  carried  on  by  the  Chemistry  Unit. 

In  the  same  report  Dr.  Antisell  suggested  that  the  scope  of  the 
work  of  the  Division  of  Chemistry  be  enlarged  so  as  to  embrace 
the  relations  of  geology  to  agriculture  and  to  include  the  study  of 
metallurgy.  This  may  be  regarded  as  an  early  expression  of  a  need 
that  later  resulted  in  the  organization  of  a  national  geological 
survey. 

Dr.  Antisell’s  report  for  1869  contained,  among  others,  a  dis¬ 
cussion  of  the  analysis  of  soils  and  a  recommendation  for  the  estab¬ 
lishment  of  an  experimental  garden  where  the  problems  involved 
in  chemical  research  could  be  studied  in  the  field.  This  was  the 
earliest  recognition  within  the  Department  of  Agriculture  of  the 
value  of  experimental  field  work  in  connection  with  laboratory  in¬ 
vestigations.  The  report  for  1870  gave  the  results  of  a  study  of  the 
alkaline  soils,  their  physical  and  chemical  properties,  especially  an 
account  of  the  determination  of  the  soluble  matter  in  the  surface ; 
a  discussion  of  the  first  work  undertaken  for  the  army  on  the  com¬ 
position  of  meat  extracts ;  a  consideration  of  peanuts  as  a  food, 
and  a  report  on  the  foods  used  by  the  Indians. 

An  act  of  March  2,  1867  (I4  Stat.  L.,  440,  451),  mentioned  the 
Chemist  among  other  employees  for  whom  salary  appropriations 
were  made,  but  without  specifying  the  salary  to  be  paid.  The  act  of 
July  20,  1868  (58  Stat.  L.,  92,  105),  made  appropriation,  among 
other  items,  “  for  compensation  of  .  .  .  chemist,  two  thousand 
dollars  ;  .  .  .  assistant  chemist,  one  thousand  six  hundred  dollars,” 
and  “  for  collecting  statistics  and  material  for  annual  reports.”  The 
act  of  July  12,  1870  (16  Stat.  L.,  230,  245),  made  provision  for  the 
above-mentioned  salaries  and  for  “  collecting  statistics  and  com¬ 
piling  and  writing  matter  for  monthly,  annual  and  special  reports.” 
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It  also  contained  a  new  item  “  for  chemicals  and  incidentals  in 
analysis,  furnaces,  fine  chemical  apparatus,  miscroscope,  and 
Duboscq  saccharometer  for  laboratory,”  for  “  philosophical  appa¬ 
ratus,”  and  for  “  collection  of  minerals  and  ores.”  Similar  appro¬ 
priations  with  some  changes  in  salaries  were  made  in  subsequent 
annual  appropriation  acts  until  the  fiscal  year  1881. 

In  1868  a  study  of  cereals  was  begun.  Circulars  were  sent  out 
from  the  Division  of  Chemistry  addressed  to  various  state  agri¬ 
cultural  societies  requesting  samples  of  average  quality  of  the 
cereal  crops  of  that  year.  Analyses  were  made  of  several  hundred 
specimens  of  these  samples,  carefully  selected  and  representing  the 
production  of  the  entire  country.  To  this  small  beginning  may  be 
traced  the  important  investigations,  later  undertaken  in  collabora¬ 
tion  with  the  Bureau  of  Plant  Industry,  of  the  effect  of  environ¬ 
ment  on  the  composition  of  cereals  and  which  had  for  their  principal 
object  the  improvement  of  the  quantity  and  quality  of  the  crop 
and  the  adaptation  of  any  particular  variety  to  any  locality.  This 
work  is  discussed  more  in  detail  elsewhere  in  this  volume. 

A  year  or  two  later  examinations  of  the  leaf,  stem,  and  fruit 
of  the  grapevine  were  made  at  stated  intervals  during  the  period  of 
growth.  In  this  work  and  in  the  study  of  cereals  mentioned  above 
may  be  seen  the  forerunner  of  important  investigations  which 
resulted  in  the  establishment  in  1907  of  a  section  of  vegetable 
physiology  in  the  Bureau  of  Chemistry. 

In  1868  and  1869  samples  of  sweet  potatoes,  in  the  form  of 
dried  slices  and  meal,  were  examined  by  the  Chemist,  and  attention 
was  directed  by  him  to  the  great  importance  of  dehydration  as  a 
means  of  preserving  foodstuffs. 

Dr.  Antisell  resigned  as  Chemist  on  January  11,  1872,  and  was 
succeeded  by  Dr.  Ryland  T.  Brown.  Dr.  Brown’s  report  for  1872 
was  largely  devoted  to  the  analysis  of  commercial  fertilizers  and 
sugar  beets  and  to  the  utilization  of  wastes  of  cities  and  towns  for 
agricultural  purposes. 

In  1873  Dr.  Brown  resigned  and  was  succeeded  by  Dr.  William 
McMurtrie,  who  held  the  position  of  Chemist  until  January  2,  1878. 

The  principal  work  during  Dr.  McMurtrie’s  incumbency,  as 
disclosed  by  his  annual  reports,  consisted  in  1873,  of  analyses  of 
wines,  fertilizers,  and  soils,  a  study  of  the  composition  of  Indian 
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corn,  and  an  investigation  of  tanning  materials.  In  1874  investiga¬ 
tions  were  made  of  the  fodder  plants  of  the  South;  a  study  of 
insecticides,  especially  Paris  green,  was  begun ;  and  investigations 
of  the  sugar-beet  industry  were  carried  on.  In  1875  Dr.  McMurtrie 
began  the  first  studies  in  chemical  processes  affecting  agriculture 
by  the  actual  growth  of  plants ;  conducted  a  series  of  experiments 
in  the  application  of  insecticides  to  growing  plants  and  experiments 
on  the  effects  of  illuminating  gas  upon  vegetation.  The  report  for 
1876  was  largely  devoted  to  the  part  taken  by  the  Chemical  Division 
in  the  Centennial  Exposition  at  Philadelphia.  The  work  of  the 
Division  in  1877  covered  analyses  of  lime  marls,  examination  of 
soils,  analysis  of  bat  guano,  analysis  of  sugar  from  sorghum  cane, 
estimation  of  amount  of  sugar  in  sugar  beets,  examination  and 
report  of  an  experiment  in  beet  culture,  experiments  to  determine 
the  presence  or  absence  of  so-called  peptone- forming  ferment  in 
the  roots  of  plants,  investigation  of  American  sumac,  and  investi¬ 
gation  of  the  physical  and  chemical  causes  tending  to  the  produc¬ 
tion  of  mildew  and  rot. 

After  Dr.  McMurtrie’s  resignation  as  Chemist  he  was  appointed 
representative  of  the  Department  of  Agriculture  at  the  interna¬ 
tional  exposition  at  Paris,  France,  held  in  1878. 

The  Chemical  Division  was  mentioned  for  the  first  time  in  a 
congressional  appropriation  in  the  act  of  June  20,  1874  (18  Stat. 
L.,  85,  108),  in  an  item  “  for  chemicals  and  apparatus  for  the  use 
of  the  chemical  division.”  It  was  repeated  in  the  two  succeeding 
annual  appropriation  acts,  after  which  the  name  was  omitted  from 
the  appropriation  acts  and  the  term  “  laboratory  ”  only  was  used 
until  1880.  From  that  time  on  until  1901  the  terms  “  Chemical 
Division  ”  and  “  Division  of  Chemistry  ”  were  used  in  the  appro¬ 
priation  acts  to  designate  this  unit. 

Until  1868  the  Chemist  was  very  much  handicapped  by  the 
absence  of  proper  laboratory  facilities.  When  the  act  of  March  2, 
1867  (14  Stat.  L.,  457,  464),  appropriated  $100,000,  to  be  ex¬ 
pended  during  the  fiscal  year  1868  for  the  erection  of  a  building 
for  the  Department  of  Agriculture,  provision  was  made  in  the 
construction  of  the  building  for  the  installation  of  a  laboratory  in 
the  basement.  An  act  of  July  20,  1868  (15  Stat.  L.,  92,  106), 
making  appropriations  for  1869,  allowed  $12,500  “  for  purchase  of 
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furniture  and  fitting  up  laboratory.”  Subsequently,  annual  pro¬ 
vision  was  made  for  chemicals,  chemical  apparatus,  and  other  lab¬ 
oratory  furnishings.  The  chemical  laboratory  was  removed  from 
the  Patent  Office  to  the  basement  of  the  new  Department  of 
Agriculture  building  in  July,  1868. 

An  act  of  May  8,  1872  (17  Stat.  L.,  61,  78),  made  appropriation 
for  the  fiscal  year  ending  1873,  “  for  works  on  chemistry,  miner¬ 
alogy,  and  charts,”  and  “  for  chemicals  and  contingent  expenses.” 
The  same  items  with  slight  variations  in  phraseology  were  repeated 
in  the  succeeding  acts  making  appropriation  for  the  Department  of 
Agriculture,  the  words  “  for  the  use  of  the  Chemical  Division  ” 
being  added  to  the  last  item  for  several  years. 

On  January  22,  1878,  Dr.  Peter  Collier  became  Chemist  of  the 
Department  of  Agriculture,  and  held  that  office  until  April  9,  1883. 

He  gave  his  attention  mainly  to  the  study  of  sugar  problems.  A 
large  part  of  this  activity  was  devoted  to  the  study  of  sorghum  as 
a  sugar-producing  plant,  and  a  very  extensive  series  of  analyses 
was  conducted.  Reports  on  this  work  appear  in  the  several  annual 
reports  of  Dr.  Collier  and  deal  with  every  phase  of  the  subject, 
chemical,  agricultural,  and  technical.  Attention  was  also  given  to 
the  production  of  sugar  from  Indian  corn  stalks.  I11  addition  to 
sugar  problems,  Dr.  Collier  gave  some  attention  to  the  study  of 
soils  and  fertilizers ;  made  chemical  examinations  of  waters,  baking 
powders,  tea  and  coffee  substitutes,  butter  and  oleomargarines, 
veterinary  medicines,  grasses,  and  numerous  other  products  em¬ 
ployed  in  or  produced  by  agriculture ;  and  he  laid  the  foundation 
for  the  systematic  study  of  cereals. 

Appropriations  for  the  Department  of  Agriculture  which  had 
hitherto  been  made  in  the  same  acts  with  those  for  other  branches 
of  the  government,  were  made  in  separate  acts  beginning  with  the 
fiscal  year  1881  (Act  of  June  16,  1880;  21  Stat.  L.,  292),  and  this 
practice  has  been  continued  to  the  present  time.  This  act,  for  the 
first  time  recognized  a  divisional  organization  for  the  Department 
of  Agriculture.  After  that,  for  many  years,  appropriations  for  the 
chemical  work  were  made  under  the  head  of  “  Chemical  Division  ” 
in  the  case  of  salaries,  and  “  Laboratory  ”  for  the  other  items. 

Under  the  head  of  “  Chemical  Division,”  in  this  act,  provision 
was  made  for  a  chemist  at  $2000,  and  two  assistant  chemists  at 
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$1600  and  $1200  per  annum,  respectively.  These  salaries  were  in¬ 
creased  and  additional  employees  were  authorized  for  the  Division 
of  Chemistry  from  time  to  time.  Under  the  head  of  “  Laboratory  ” 
in  the  act  of  1880,  provision  was  made  for  two  projects  to  be 
undertaken  by  the  Bureau  of  Chemistry,  one  relating  to  animal 
fibers  and  the  other  to  sugar. 

On  April  9,  1883,  Dr.  Harvey  W.  Wiley,  professor  of  chemistry 
at  Purdue  University,  succeeded  Peter  Collier  as  Chief  of  the 
Chemical  Division.  He  held  this  office  for  twenty-nine  years.  Dur¬ 
ing  this  period  the  personnel  of  this  unit  grew  from  three  to  over 
five  hundred.  The  appointment  of  Dr.  Wiley  inaugurated  a  new  era 
in  the  history  of  the  chemical  and  soil  work  of  the  Department  of 
Agriculture.  As  expressed  by  one  of  his  successors,  “  the  impress 
which  he  gave  to  the  chemical  work  of  the  Department  of  Agri¬ 
culture  and  to  agricultural  chemistry  .  .  .  has  been  of  a  lasting 
character.”  8 

Dr.  Wiley  continued  the  studies  of  sugar,  cereals,  soils,  fer¬ 
tilizers,  etc.,  in  the  field  of  agricultural  chemistry  begun  by  his 
predecessors,  and  inaugurated  many  other  lines  of  investigation. 
With  the  increased  appropriations  from  Congress  and  the  conse¬ 
quent  growth  of  the  resources  at  its  command  the  work  of  the 
Division  expanded  into  greater  activities  along  the  lines  of  existing 
work,  and  extended  into  many  new  and  important  fields  of  study 
and  research. 

An  act  approved  March  2,  1901  (31  Stat.  L.,  922,  930),  making 
appropriations  for  the  fiscal  year  1902,  which  designated  what  had 
theretofore  been  called  the  “  Chemical  Division,”  by  the  new  title 
“  Bureau  of  Chemistry,”  made  provision  for  an  increase  in  per¬ 
sonnel,  and  in  the  salaries  of  the  Chemist  in  charge  and  of  his 
assistants.  The  same  general  and  specific  items  of  appropriation 
for  the  Bureau  were  made  as  in  previous  years ;  namely,  salaries ; 
general  expenses,  investigation  of  food,  drug  and  liquor  adultera¬ 
tions  ;  investigation  of  food  preservatives  and  coloring  matters ; 
and  investigation  of  foreign  tests  of  American  food  products.  An 
item  for  investigating  soil  characteristics,  which  had  been  carried 
in  the  appropriations  for  the  Chemical  Division  for  many  years, 

8  Report  of  the  Chief  of  the  Bureau  of  Chemistry,  1927. 
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was  discontinued,  but  the  chemical  analysis  of  soils  remained  an 
activity  of  the  Bureau  of  Chemistry. 

An  act  of  June  3,  1902  (32  Stat.  L.,  286,  297),  making  appro¬ 
priation  for  the  following  year,  had  a  provision  “  That  all  existing 
statutes  relating  to  .  .  .  the  Division  of  Chemistry,  reorganized 
into  the  Bureau  of  Chemistry  .  .  .  not  otherwise  repealed,  shall 
remain  in  effect  as  applying  to  the  respective  bureaus  into  which 
the  divisions  named  have  been  reorganized.” 

The  Bureau’s  work  was  organized  into  groups,  and  laboratories 
were  established  to  which  each  appropriate  group  was  assigned. 
When  reorganized,  the  Bureau  comprised  a  food  laboratory,  a  road 
material  laboratory,  a  dendro-chemical  laboratory,  a  sugar  labora¬ 
tory,  an  insecticide  and  agricultural  water  laboratory,  a  soil 
laboratory,  and  a  fertilizer  laboratory. 

Some  additional  lines  of  work,  not  falling  within  any  of  the 
several  groups,  were  conducted  under  the  personal  supervision  of 
the  Chief  of  Division.  Prominent  among  these  were  oenological 
investigations  consisting  of  a  study  of  the  technique  of  cider,  wine 
and  vinegar  fermentations  and  the  organisms  that  cause  both  vinous 
and  acetic  fermentations  and  also  malfermentations.  This  work 
was  at  first  conducted  in  collaboration  with  the  Virginia  Agricul¬ 
tural  Experiment  Station,  at  Blacksburg.  Later  on  as  the  work 
developed  and  grew,  a  special  laboratory  was  established  for  its 
conduct  at  Charlottesville,  Virginia,  where  it  was  continued  for 
several  years.  Numerous  publications  were  issued  embodying  the 
results  of  this  work. 

The  laboratory  facilities  in  the  basement  of  the  Department  of 
Agriculture  building,  having  become  inadequate,  the  Division  of 
Chemistry  was  removed  to  a  building  on  the  corner  of  14th  and  B 
Streets  S.  W.,  in  1889.  In  1898  this  building  was  torn  down  and 
a  larger  and  better-equipped  building  was  erected  to  suit  the  needs 
of  the  rapidly  growing  work.  The  Bureau  of  Chemistry  occupied 
these  quarters  until  1909  when  the  Bureau  was  removed  to  a  build¬ 
ing  erected  for  its  use  at  216  Thirteenth  Street  S.  W.,  where  the 
Chemical  and  Technological  Branch  of  the  Bureau  of  Chemistry 
and  Soils  is  now  located. 

During  Dr.  Wiley’s  administration,  the  Bureau  of  Chemistry 
was  entrusted  with  regulatory  functions  which  occupied  an  increas¬ 
ing  amount  of  its  attention  from  January  1,  1907  until  June  30, 
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1927.  The  history  of  the  regulatory  work  of  this  Bureau  is  dis¬ 
cussed  elsewhere.8 

In  1912  Dr.  Wiley  resigned  as  Chemist  of  the  Department  of 
Agriculture  and  was  succeeded  by  Dr.  Carl  L.  Alsberg,  the  same 
year.  For  a  short  interval  in  1912,  Mr.  R.  E.  Doolittle  served  as 
Acting  Chief  of  the  Bureau.  Dr.  Alsberg  remained  in  office  about 
nine  years.  In  1921  Mr.  W.  G.  Campbell  was  made  Acting 
Chemist  and  served  until  1923,  when  he  was  succeeded  by  Dr. 
Charles  A.  Browne,  who  continued  in  that  office  until  the  estab¬ 
lishment  of  the  Bureau  of  Chemistry  and  Soils  on  July  1,  1927. 

In  addition  to  the  investigations  carried  on  by  the  Chemical  Unit 
under  general  appropriations  at  its  own  initiative,  provision  was 
made  from  time  to  time,  especially  after  1883,  in  appropriation  acts 
for  investigations  specifically  authorized  by  Congress.  Most  of 
these  are  mentioned  in  the  discussion  of  the  outstanding  activities 
which  follows. 

Outstanding  Investigational  Activities  of  the  Chemistry 
Unit.  After  the  transfer  of  the  agricultural  work  of  the  national 
government  from  the  Patent  Office  to  the  Department  of  Agricul¬ 
ture,  and  especially  during  the  terms  of  office  of  Dr.  Wiley  and 
his  successors,  the  investigational  work  of  the  Chemical  Unit  of 
the  Department  of  Agriculture  grew  into  such  volume  and  ex¬ 
panded  into  so  many  fields  that  only  a  number  of  the  outstanding 
activities  can  be  mentioned  to  give  an  idea  of  the  nature  of  the 
investigational  work  undertaken  from  time  to  time  by  this  unit. 
Some  of  the  activities  formerly  carried  on  by  this  unit  were  later 
transferred  to  other  units  of  the  Department  when  they  established 
their  own  laboratories  for  their  particular  fields  of  work,  such 
as  the  Bureau  of  Animal  Industry,  the  Bureau  of  Plant  Industry, 
the  former  Bureau  of  Soils,  and  others. 

Soil  and  Fertilizer  Investigations .9 10  The  study  of  soils  and  fer¬ 
tilizers  was  one  of  the  major  activities  of  the  Agricultural  Division 
of  the  Patent  Office  during  the  entire  period  of  its  existence,  and 
has  occupied  the  attention  of  the  Department  of  Agriculture  since 
its  creation  in  1862.  Nearly  every  annual  report  of  these  two 

9  See  page  59. 

10  For  other  historical  accounts  of  soil  and  fertilizer  activities,  see  pages 
2  and  84. 
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services  since  1841  contains  some  reports  or  discussions  on  these 
subjects. 

Soil  characteristics  and  manures  for  fertilizing  have  been  studied 
ever  since  the  national  government  has  undertaken  to  promote 
agriculture.  As  early  as  in  i860,  the  subject  of  the  sources  and 
uses  of  nitrogen  in  agriculture  and  the  employment  of  nitrogen 
of  the  atmosphere  for  the  production  of  ammonia  for  fertilizer 
purposes,  appeared  in  an  annual  report  of  the  Commissioner  of 
Patents. 

The  soil  and  fertilizer  studies  were  mainly  carried  on  by  the 
Division  of  Chemistry  until  the  creation  of  the  Soils  Division  in 
1894,  after  which  some  of  the  soil  work  was  taken  over  by  that 
unit.  Some  fertilizer  studies  were  also  carried  on  by  the  Bureau 
of  Plant  Industry.  When  the  Bureau  of  Chemistry  and  Soils  was 
created  in  1927,  all  of  these  functions  were  placed  under  that 
Bureau. 

While  the  chemical  analysis  of  soils  was  one  of  the  earliest  agri¬ 
cultural  activities  of  the  chemists  of  the  Patent  Office  and  of  the 
Department  of  Agriculture,  the  first  specific  appropriation  for  such 
work  was  made  in  a  provision  of  the  act  of  August  8,  1894  (28 
Stat.  L.,  264,  268),  “To  enable  the  Secretary  of  Agriculture  to 
undertake  a  special  investigation  of  the  different  typical  soils  of 
the  United  States  to  determine  their  chemical  character,  their 
physical  properties,  and  especially  the  nature  of  the  nitrifying  or¬ 
ganisms  which  they  contain.”  This  work  was  assigned  to  the 
Chemical  Division.  Similar  annual  appropriations  were  made  in 
the  succeeding  six  years,  the  last  being  for  the  fiscal  year  ending 
1901. 

In  carrying  on  the  soil  work  authorized  by  these  appropriation 
acts,  the  Chemical  Division  studied  different  soils  according  to 
their  chemical  and  bacteriological  characteristics.  Through  the 
cooperation  of  the  experiment  stations,  samples  of  typical  soils 
were  secured,  and  the  Chemical  Division  undertook  pot  cultures 
in  connection  with  which  vast  numbers  of  chemical  analyses, 
and  bacteriological  examinations  were  made.  By  this  means 
studies  were  made  concerning  the  composition  and  characteristics 
of  the  typical  soils  of  the  United  States  with  special  reference  to 
their  biological  relations,  the  micro-organisms  which  they  contain 
and  the  plants  growing  therein.  The  object  of  these  studies  was  to 
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determine  the  chemical  and  physical  characteristics  of  the  soil,  the 
nature  and  activit}^  of  the  nitrifying  organisms  contained  therein, 
and  the  relations  of  the  soil  to  the  growing  plant  as  indicated  by 
cultural  experiments  in  pots  which  were  subjected  to  identical  con¬ 
ditions  of  control. 

In  the  pot  experiments,  which  were  carried  on  in  a  “  vegetable 
house  ”  capable  of  holding  more  than  two  hundred  galvanized  iron 
pots  (thirteen  and  one-half  inches  deep  and  twelve  inches  in  dia¬ 
meter),  a  study  was  made  of  the  dry  matter  produced  in  each  pot, 
and  a  determination  of  the  quantity  of  nitrogen,  phosphoric  acid, 
and  potash  removed  from  the  soil  by  each  crop.  Facts  were  ascer¬ 
tained  by  the  Division  concerning  the  composition  of  the  soils,  their 
physical  characteristics,  their  water  holding  capacity,  content  of 
humus,  and  the  percentages  of  nitrogen,  phosphoric  acid,  and 
potash  contained  therein,  both  as  regards  total  content  and  as 
regards  the  quantities  removed  by  different  solvents. 

Observation  was  made  of  the  variations  in  the  different  crops 
raised  under  identical  control  of  moisture  and  cultural  conditions, 
due  to  conditions  beyond  human  control,  such  as  light,  heat,  and 
other  atmospheric  and  climatic  conditions. 

As  these  facts  were  ascertained,  and  as  improved  methods  of 
analysis  of  soils  were  devised  by  the  Chemical  Division,  they  were 
published  for  the  benefit  of  agricultural  chemists  throughout  the 
country. 

The  Chemical  Division  also  made  systematic  studies  of  the  agri¬ 
cultural  value  of  street  sweepings,  garbage  and  sewage,  from  a 
chemical  agronomical  point  of  view,  the  purpose  of  these  studies 
being  to  enable  municipal  authorities  and  farmers  to  determine 
how  far  it  would  be  practicable  to  transport  such  material  for  fer¬ 
tilizing  purposes.  In  carrying  on  this  work  the  Division  placed  itself 
in  communication  with  all  the  cities  of  the  United  States  having 
a  population  of  10,000  and  over,  and  also  made  arrangements  for 
obtaining  information  in  regard  to  disposition  of  street  sweepings 
and  sewage  in  the  largest  cities  of  Europe. 

On  June  30,  1904,  the  Soil  and  Fertilizer  Laboratory  of  the 
Bureau  of  Chemistry  was  discontinued  by  order  of  the  Secretary 
of  Agriculture,  and  in  its  place  was  established  a  Plant  Analysis 
Laboratory.  Studies  continued  to  be  made  regarding  the  influence 
of  environment  upon  the  composition  of  plant  products.  These 
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studies  were  largely  carried  on  in  collaboration  with  the  Bureau 
of  Plant  Industry. 

Sugar  and  Sirup  Investigations.  The  cultivation  and  production 
of  sugar  in  the  United  States  was  the  first  activity  in  the  field  of 
agricultural  chemistry  undertaken  by  the  national  administration. 
In  1830  two  resolutions  were  adopted  by  the  House  of  Representa¬ 
tives  :  The  one  requesting  the  President  to  cause  to  be  procured 
such  sugar  cane  and  other  agricultural  products  as  were  best 
adapted  to  the  climate  and  soil  of  this  country;  and  the  other  in¬ 
structing  the  Secretary  of  the  Treasury  to  have  a  manual  of  sugar 
culture  and  sugar  refining  prepared.  The  latter  resolution  resulted 
in  the  employment  in  1832  of  Dr.  Benjamin  Silliman  to  prepare- 
the  manual  in  cooperation  with  other  chemists.11 

Since  the  investigation  of  agricultural  problems  became  a  regu¬ 
lar  function  of  the  national  government,  the  study  of  problems 
concerning  the  cultivation  of  sugar  producing  plants  and  of  the 
manufacture  of  sugar  and  sirup  has  been  an  almost  continuous 
activity  of  the  Agricultural  Division  of  the  Patent  Office  and  of 
the  Department  of  Agriculture. 

Sugar  cane  has  been  a  commodity  of  commerce  since  the  begin- 
ing  of  the  fourth  century  A.  D.  It  was  brought  to  the  Western 
Hemisphere  by  Columbus  on  his  second  voyage  in  1493,  and  with 
the  settlement  of  Central  and  South  America,  its  cultivation  spread 
rapidly.  In  the  United  States,  sugar  was  first  sucessfully  manu¬ 
factured  from  the  sugar  cane  in  Louisiana  in  1794. 

The  analysis  of  sugar  canes  and  their  several  products  and  the 
study  of  cane  sugar  and  sirup  production  have  occupied  the  atten¬ 
tion  of  the  Patent  Office  since  the  beginning  of  its  agricultural 
activities  in  1839,  and  they  have  continued  to  be  an  activity  of  the 
Department  of  Agriculture  to  the  present  time. 

In  1902  elaborate  field  experiments  were  conducted  at  Cairo, 
Georgia,  in  the  fertilization  of  sugar  cane.  This  work  aimed  to 
aid  in  further  development  of  the  manufacture  of  sirup  from  sugar 
cane  and  to  point  the  way  for  obtaining  the  highest  financial  return 
from  the  industry.  This  field  work  was  continued  over  a  period  of 
years  and  during  its  progress  an  experimental  factory  for  manu- 


11  See  page  7. 
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facturing  sirup  was  erected  (1903)  at  Waycross,  Georgia.  Valu¬ 
able  practical  results  were  obtained  and  published.12 

For  many  years  much  attention  was  given  by  the  Department 
of  Agriculture  to  the  study  of  sorghum  and  maize  as  possible 
sources  of  sugar  for  the  domestic  market. 

Sorghum  was  first  introduced  into  France  from  China  about 
1850.  The  Chinese  variety  of  sorghum  was  first  privately  intro¬ 
duced  into  the  United  States  from  France  in  1853  and  offered  for 
sale  in  1854.  In  1855  a  hogshead  of  seed  was  disposed  of  in  small 
quantities  and  much  experimental  work  was  done  by  national  and 
state  agricultural  departments  the  following  year.  Imphee,  or 
African  sorghum,  was  first  introduced  into  this  country  in  1857. 
In  that  year,  a  chemist  was  employed  by  the  Commissioner  of 
Patents  to  carry  on  a  number  of  chemical  studies,  one  of  which 
was  to  make  researches  on  Chinese  and  African  sugar  canes  (sor¬ 
ghum  and  imphee)  with  reference  to  their  alcohol  and  saccharine 
content.  The  first  sorghum  sugar  was  made  in  this  country  in  1858. 

In  its  endeavor  to  develop  sorghum  culture  as  a  source  of  sugar 
production,  the  Chemical  Division  examined  sorghum  from  many 
different  localities  in  order  to  determine  its  relative  capabilities  for 
producing  sugar  and  molasses,  as  compared  with  cane  sugar,  and  it 
examined  soils  in  which  sorghum  was  grown  in  order  to  determine 
what  composition  of  soil  would  produce  the  best  sugar  or  the 
largest  quantity  of  sirup. 

The  extract  of  sugar  from  cornstalks  and  the  methods  of  in¬ 
creasing  the  saccharine  quality  of  the  stalk  were  subjects  of  dis¬ 
cussion  in  the  annual  reports  of  the  Commissioner  of  Patents  as 
early  as  1841. 

Scientific  experiments  in  the  use  of  maize  for  sugar  production 
in  this  country  were  made  by  Mr.  F.  L.  Stewart  of  Murrysville, 
Pennsylvania,  in  the  early  seventies.  Mr.  Stewart  made  use  of  a 
process  for  increasing  the  sugar  content  of  corn  stalks  (proposed 
forty  years  previously  in  France,  and  investigated  at  various  times 
by  the  Department  of  Agriculture)  which  consisted  in  plucking 
off  the  ears  as  soon  as  they  began  to  form.  The  results  of  these 
experiments  were  announced  for  the  first  time  in  the  Philadelphia 
Public  Ledger  of  December  1,  1876.  and  specimens  of  the  sugar 
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made  from  maize  stalks  were  displayed  at  the  Centennial  Exposi¬ 
tion  toward  its  close.  The  Chemical  Division,  after  correspondence 
with  Mr.  Stewart,  took  up  the  matter  of  sugar  production  from 
maize  and  carried  on  much  experimental  work  from  that  time  on. 

The  investigations  concerning  the  extraction  of  sugar  from  sor¬ 
ghum  and  from  maize  stalks  continued  for  many  years,  receiving 
most  attention  during  the  incumbency  of  Peter  Collier  as  Chemist 
from  1878  to  1883.  Eventually  it  was  found  that  sugar  produced 
from  these  plants  could  not  successfully  compete  with  cane  and 
beet  sugar,  and  studies  along  that  line  were  abandoned  by  the  De¬ 
partment  of  Agriculture.  The  study  of  sirup  production  from 
sorghum  and  maize  stalks,  however,  has  continued  to  occupy  the 
attention  of  the  Bureau  of  Chemistry. 

The  first  extraction  of  crystallizable  sugar  from  beets  was  made 
by  the  German  chemist  Marggraf  in  1747,  and  the  first  beet  sugar 
factory  was  established  by  Achard,  a  pupil  of  Marggraf,  in  1799, 
in  Silesia.  The  establishment  of  the  beet  sugar  industry  on  a 
competitive  basis  with  cane  sugar  was  greatly  advanced  by  the 
invention  of  the  polariscope  in  1835  by  the  French  physicist, 
Jean  B.  Biot,  which  offered  a  rapid  method  for  determining  the 
amount  of  sugar  in  beets,  and  thus  established  a  means  of  selecting 
beets  for  the  production  of  seed-mother  beets. 

Sugar  beets  for  the  production  of  sugar  were  first  introduced 
into  this  country  in  1830.  They  were  discussed  in  the  annual 
reports  of  the  Chemist  of  the  Department  of  Agriculture  as  early 
as  1865.  The  report  for  1868  contained  a  discussion  of  sugar  beets 
and  the  sugar  beet  industry,  which  laid  the  foundation  for  future 
investigations  of  that  commodity.  Since  that  time  the  sugar  beet 
and  its  products,  like  sugar  cane,  have  been  an  almost  continual 
subject  of  study  in  the  Department  of  Agriculture. 

In  the  study  of  beet  sugar,  tests  have  been  made  of  sugar  beets 
at  different  stages  of  their  growth  to  ascertain  the  effects  of  certain 
fertilizers,  and  to  learn  the  time  when  the  largest  amount  and  the 
best  quality  of  sugar  beets  could  be  obtained.  The  influence  of 
environment  upon  the  sugar  content  was  studied  in  collaboration 
with  the  experiment  stations.  Many  tons  of  high-grade  sugar  beet 
seed  were  imported  from  Europe,  under  the  supervision  of  the 
Division  of  Chemistry,  and  sent  out,  through  the  experiment  sta- 
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lions,  to  persons  interested  in  beet  culture.  Analyses  of  beets  raised 
from  these  seeds  have  been  made  for  recipients  whenever  desired. 
As  a  result  of  these  activities  and  other  extensive  chemical  studies, 
the  sugar  beet-raising  industry  and  beet  sugar  production  have  been 
greatly  improved  and  the  areas  suitable  to  the  production  of  the 
best  sugar  beets  have  been  definitely  delineated. 

Studies  have  been  made  of  the  nature  of  juices  of  the  various 
sugar-producing  plants  and  of  the  influences  tending  to  produce 
the  maximum  sugar  content.  Through  these  studies  and  experi¬ 
ments  much  information  has  been  obtained  concerning  the  processes 
of  production  of  sugar-producing  plants,  the  best  varieties,  and  the 
manufacture  of  sugar  from  these  plants,  and  this  information  has 
been  published  through  the  regular  channels  of  the  Department  of 
Agriculture. 

Investigations  have  also  been  made  looking  to  the  improvement 
of  the  quantity  and  quality  of  table  sirup.  It  was  found  that  it 
was  at  one  time  generally  adulterated,  glucose  being  commonly 
used  as  a  basis,  with  the  result  that  the  production  of  the  pure 
article  became  unprofitable  in  competition  with  the  adulterated 
product.  To  remedy  this  condition,  an  investigation  was  begun 
in  1903  of  the  methods  of  making  a  better  table  sirup  from  ordi¬ 
nary  sugar  producing  plants,  such  as  the  maple  tree,  sorghum,  and 
sugar  cane,  the  work  being  directed  toward  ascertaining  methods 
whereby  the  product  could  be  made  purer,  better,  of  a  more  pleas¬ 
ing  appearance,  with  less  tendency  to  crystallization,  and  having 
greater  resistance  to  fermentative  processes.  This  work  of  the 
chemical  unit  of  the  Department  of  Agriculture  in  the  early  period 
was  generally  carried  on  under  authority  of  appropriations  made 
in  general  terms  for  the  department. 

The  first  specific  appropriation  made  for  the  encouragement  of 
the  sugar  industry  in  this  country  was  by  the  act  of  March  4,  1864 
(13  Stat.  D.,  22,  23),  which  had  an  item  “  for  the  purchase  of 
sorghum  seed.”  An  act  of  July  12,  1870  (16  Stat.  D.,  230,  245), 
made  provision  for  the  purchase  of  a  Duboscq  saccharometer 
among  other  laboratory  apparatus.  Specific  provision  “  for  the 
purchase  of  machinery  and  apparatus,  and  for  experiments  in  the 
manufacture  of  sugar  from  sorghum  and  cornstalks  and  other 
sugar-producing  plants  ”  was  made  in  an  appropriation  act  of  June 
16,  1880  (21  Stat.  D.,  292,  295). 
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The  work  pertaining  to  sugar  plant  culture  was  later  transferred 
to  the  Bureau  of  Plant  Industry,  but  the  sugar  technology  work 
remained  an  activity  of  the  Bureau  of  Chemistry  and  is  now  being 
carried  on  by  the  Bureau  of  Chemistry  and  Soils.  An  act  of  June  3, 
1902  (32  Stat.  L.,  1139,  1156,  1158),  making  appropriation  for  the 
fiscal  year  1903,  had,  for  the  first  time,  two  items  relating  to  sugar 
production,  one  under  the  Bureau  of  Plant  Industry  and  the  other 
under  the  Bureau  of  Chemistry.  The  item  under  the  Bureau  of 
Plant  Industry  was  “  to  enable  the  Secretary  of  Agriculture  to 
continue  inquiry  and  ascertain  the  progress  made  in  the  production 
of  domestic  sugar  from  beets  and  sorghum,  including  the  area  of 
available  lands  adapted  thereto  by  irrigation  or  otherwise  ” ;  the 
other  under  the  Bureau  of  Chemistry  made  provision  “  to  inves¬ 
tigate  the  chemical  composition  of  sugar-producing  plants  in  the 
United  States  and  its  possessions,  and  in  collaboration  with  the 
Weather  Bureau  and  agricultural  experiment  stations,  to  study 
the  effects  of  environment  upon  the  chemical  composition  of  sugar- 
producing  plants,  especially  with  reference  to  their  content  of 
available  sugar.'’  It  also  provided  “  for  investigating,  determining 
and  reporting  the  proper  treatment  and  process  in  order  to  secure 
uniform  grade  and  quality  of  first-class  marketable  table  sirup.” 
The  provision  for  the  Bureau  of  Chemistry  investigating  the  chemi¬ 
cal  composition  of  sugar-producing  plants  was  repeated  in  four 
subsequent  annual  appropriation  acts,  the  item  being  broadened  to 
include  starch-producing  plants.  The  item  concerning  table  sirup 
was  repeated  in  two  subsequent  acts. 

No  specific  appropriation  was  made  for  sugar  or  sirup  investi¬ 
gations  by  the  Bureau  of  Chemistry  until  1917,  although  the  work 
continued  under  a  general  provision  in  the  appropriation  acts.  An 
act  of  March  4,  1917  (39  Stat.  L.,  1134,  1153),  made  appropriation 
“  for  the  investigation  and  development  of  methods  for  the  manu¬ 
facture  of  table  sirup,”  an  item  which  has  since  been  repeated  in 
each  annual  appropriation  act. 

The  chemical  unit  of  the  Department  of  Agriculture,  in  carrying 
on  these  numerous  extensive  analyses  of  canes,  juices,  sirups,  and 
sugars,  has  developed  some  important  features  of  the  technique  of 
the  present  day  sugar  industry  of  this  country.  At  the  same  time 
it  has  carried  on  the  purely  technical  studies  which  involved  the 
entire  chemistry  of  carbohydrates. 
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Textile  Fibers.  Chemical  analyses  and  tests  of  textile  fibers 
occupied  some  of  the  attention  of  the  agricultural  division  of  the 
Patent  Office  almost  since  its  beginning.  In  1857  a  chemist  was 
employed  by  the  Commissioner  of  Patents,  one  of  whose  duties  it 
was  to  make  investigations  in  the  quantitative  analysis  of  the  cotton 
plant  and  the  soils  in  which  it  grows. 

Soon  after  the  creation  of  the  Department  of  Agriculture,  an 
appropriation  act  of  February  25,  1863  (I2  Stat.  L.,  682,  691), 
included,  among  other  items,  provision  for  “  encouraging  the  cul¬ 
ture  of  cotton  ”  and  for  “  investigations  to  test  the  practicability  of 
cultivating  and  preparing  flax  and  hemp  as  a  substitute  for  cotton/’ 
These  studies  were  undertaken  by  the  Chemist  of  the  Department. 

An  act  of  June  16,  1880  (21  Stat.  L.,  292),  made  specific  appro¬ 
priation  for  “  testing  by  scientific  examination  the  textile  strength, 
felting  capacity,  and  other  peculiarities  of  the  different  wools  and 
animal  fibers  on  exhibition  at  the  International  Sheep  and  Wool 
Exposition  to  be  held  in  Philadelphia  in  1880.”  This  item  was 
repeated  the  two  following  years.  An  act  of  May  19,  1882  (22 
Stat.  L.,  91),  made  specific  appropriation  “for  the  study  of  the 
physical  properties  of  cotton  fibers  under  different  conditions  of 
climate  and  culture.”  These  studies  were  also  carried  on  by  the 
Chemical  Division. 

When  the  Bureau  of  Plant  Industry  and  the  Bureau  of  Animal 
Industry  were  created  these  units  carried  on  such  studies  of  vege¬ 
table  and  animal  fibers  respectively  as  were  made  by  the  Depart¬ 
ment  of  Agriculture. 

Crop  Chemistry.  As  early  as  1847  the  Patent  Office  reports  con¬ 
tained  accounts  of  the  results  of  analyses  of  cereals  and  certain 
other  vegetable  crops. 

The  first  specific  appropriation  made  for  agricultural  chemical 
work  to  be  carried  on  by  the  Patent  Office  was  by  an  act  of  August 
12,  1848  (9  Stat.  L.,  284,  285).  The  item  read,  “For  defraying 
the  expenses  of  chemical  analyses  of  vegetable  substances  produced 
and  used  for  the  food  of  man  and  animals  in  the  United  States,  to 
be  expended  under  the  direction  of  the  Commissioner  of  Patents, 
one  thousand  dollars ;  the  said  sum  to  be  paid  out  of  the  patent 
fund.”  A  similar  appropriation  was  made  the  following  year. 
These  two  appropriations  enabled  the  Commissioner  of  Patents 
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to  employ  a  chemist  who  carried  on  a  series  of  analyses  of  different 
cereal  grains  and  of  flour  produced  in  this  country,  and  of  the  ef¬ 
fects  of  soil  and  climate  upon  the  different  varieties  of  cereal 
grains.18 

In  1857  a  chemist  was  employed  by  the  Commissioner  of 
Patents,  one  of  whose  duties  it  was  to  make  investigations  con¬ 
cerning  the  nutritive  properties  of  the  Chinese  yam,  of  the  common 
potato,  of  chufa,  and  of  Indian  corn. 

The  chemistry  of  American  cereals  was  one  of  the  first  projects 
of  the  Division  of  Chemistry  inaugurated  after  the  creation  of  the 
Department  of  Agriculture  in  1862. 

In  1875  the  first  studies  were  made  on  the  chemical  processes 
affecting  agriculture  by  the  actual  growth  of  plants,  this  being  the 
beginning  of  the  practical  investigation  of  agricultural  chemical 
problems  upon  the  plants  themselves. 

The  first  bulletin  of  the  Division  of  Chemistry,  which  was 
issued  in  1883,  was  devoted  to  “an  investigation  of  the  composi¬ 
tion  of  American  wheat  and  corn,”  this  being  an  outgrowth  of  that 
earlier  work  on  American  wheat  and  flour  by  Professor  Beck  in 
1848,  and  the  more  comprehensive  survey  of  the  chemistry  of 
American  cereals  inaugurated  in  1862  and  finally  reported  in  1878. 
This  was  followed  by  a  second  report,  Bulletin  4  in  1884,  and  a 
third  Bulletin  9  in  1886,  both  under  the  same  title  as  Bulletin  1. 

In  the  years  that  followed  much  attention  was  given  from  time 
to  time  to  the  study  of  cereals,  especially  wheat  and  corn,  and  of 
flour  and  bread,  and  the  milling  of  cereals,  and  other  crop  chem¬ 
istry. 

An  act  of  May  25,  1900  (31  Stat.  L.,  191,  196),  made  specific 
provision  “  to  enable  the  Secretary  of  Agriculture  to  investigate  the 
cause  of  the  deterioration  in  the  gluten  content  of  wheat  on  the 
Pacific  Coast  and  in  other  parts  of  the  country,  and  to  study 
the  methods  for  increasing  the  content  of  valuable  food  constituents 
in  wheat  and  other  cereals.”  This  act  was  not  repeated,  but  an  act 
of  June  3,  1902  (32  Stat.  L.,  286,  297),  made  appropriation  for 
the  Bureau  of  Chemistry  “To  study,  in  collaboration  with  the 
Weather  Bureau  and  agricultural  experiment  stations,  the  influence 
of  environment  upon  the  chemical  composition  of  wheat  and  other 


13  See  page  9. 
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cereals  with  especial  reference  to  the  variation  in  the  content  of 
gluten,  and  the  suitability  of  barley  for  brewing  and  other  pur¬ 
poses.”  This  item  was  repeated  in  a  number  of  subsequent  appro¬ 
priation  acts,  and  the  study  of  the  influence  of  environment  on  the 
gluten  content  of  wheat  became  for  a  number  of  years  a  major 
activity  of  the  Bureau  of  Chemistry. 

A  Plant  Analysis  Laboratory  was  established  in  the  Bureau  of 
Chemistry  in  1904,  and  work  was  undertaken  in  the  cereal  section, 
on  the  composition  of  cereals,  in  cooperation  with  the  Bureau  of 
Plant  Industry,  which  resulted  in  a  long  list  of  publications  on  the 
chemical  composition  as  affected  by  environment  and  soil  treat¬ 
ment,  with  special  reference  to  gluten  content ;  baking  tests  with 
various  wheat  flours  and  wheat  substitutes ;  pearl  barley  and  barley 
malts.  In  1907  the  Plant  Analysis  Laboratory  was  abolished  and 
a  Section  for  Vegetable  Physiological  Investigation  was  organized 
in  the  Bureau. 

In  1909  the  Bureau  of  Chemistry  in  cooperation  with  the  Bureau 
of  Plant  Industry  and  the  Bureau  of  Markets  undertook  an  exten¬ 
sive  investigation  of  cereal  products.  This  covered  a  study  of  the 
composition  of  the  principal  cereals  and  chemical  studies  of  the 
products  made  therefrom,  such  as  flour,  meal,  breads  of  every 
description,  breakfast  foods,  cakes,  and  biscuits.  The  results  of 
this  investigation  have  been  published  by  the  Bureau. 

The  investigations  in  this  field  were  thereafter  carried  on  under 
the  various  designations  of  vegetable  physiological  investigations, 
plant  chemistry,  and  finally  crop  chemistry.  The  last  designation 
is  at  present  used  to  cover  studies  of  the  chemical  composition  of 
crops  and  of  the  effects  of  soil  acidity,  of  various  methods  of  fer¬ 
tilization,  of  cultivation  and  of  other  factors  upon  the  chemical 
composition,  nutritive  properties  and  industrial  value  of  crops.  By 
resulting  in  the  development  of  better  methods  of  fertilization  and 
cultivation,  these  studies  have  served  to  improve  the  quality  and 
yield  of  many  of  the  farm  crops. 

Food  Preservatives  Investigations.  While  the  matter  of  food 
preservatives  was  mentioned  in  an  annual  report  of  the  Com¬ 
missioner  of  Patents  as  early  as  i860,  it  was  not  until  Dr.  Wiley’s 
administration  that  the  effect  of  preservatives  upon  health  received 
serious  attention.  Soon  after  Dr.  Wiley  took  charge  steps  were 
taken  to  make  careful  and  systematic  research  concerning  preserv- 
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atives  of  all  kinds  which  were  used  in  foods,  some  of  which  were 
believed  to  be  injurious  to  health.  The  attitude  of  the  Division 
of  Chemistry  at  this  time  with  regard  to  preservatives  is  expressed 
in  the  following  quotation  from  the  annual  report  of  the  Chemist 
for  1889: 

It  is  not  regarded  as  a  wise  thing  to  absolutely  prohibit  the  use 
of  preservatives  in  foods.  Since,  however,  all  chemicals  which 
have  the  properties  of  preserving  foods,  also  have  a  tendency  to 
interfere  with  the  processes  of  digestion,  it  is  held  to  be  imperative 
that  no  food  should  be  offered  for  sale  which  contains  a  preserva¬ 
tive  without  having  this  fact  plainly  stated  upon  the  label  of  the 
package.  Not  only  should  the  label  state  that  the  food  product 
contains  a  preservative,  but  it  should  also  give  the  name  of  the 
preservative  and  the  quantity  employed.  In  this  way  the  intending 
purchaser  is  fully  informed  in  regard  to  the  character  of  the 
product  which  he  buys.  While  it  has  been  established  that  a 
healthy  stomach  can,  from  time  to  time,  receive  with  impunity  food 
containing  small  quantities  of  preservatives,  it  is  by  no  means  cer¬ 
tain  that  the  continued  practice  of  ingesting  preservatives  in  foods 
would  not  produce  serious  injury.  On  the  other  hand,  it  is  also 
quite  certain  that  weak  or  diseased  stomachs  may  suffer  temporary 
or  permanent  injury  from  even  minute  quantities  of  preservatives. 

In  1901,  when  the  Division  of  Chemistry  became  a  Bureau,  one 
of  the  stated  objects  of  the  Food  Laboratory  was  “  the  study  of 
substances  added  to  foods  for  any  purpose  whatever,  of  which 
preservatives,  coloring  matters,  and  leavening  agents  are  types.” 

After  the  study  of  food  preservatives  had  been  carried  on  for 
several  years,  an  act  of  May  25,  1900  (31  Stat.  L.,  191,  196),  for 
the  first  time,  made  specific  provision  to  enable  the  Secretary  of 
Agriculture  “  to  investigate  the  character  of  proposed  food  pre¬ 
servatives  and  coloring  matters  to  determine  their  relation  to 
digestion  and  health,  and  to  establish  the  principles  which  should 
guide  their  use.”  This  authorization  was  repeated  in  subsequent 
appropriation  acts  and  resulted  in  a  series  of  experimental  tests 
of  the  effects  of  preservatives  on  human  nutrition,  which  were 
undertaken  by  the  Bureau  on  December  1,  1902. 

As  expert  opinion  was  divided  concerning  the  wholesomeness  of 
many  common  food  preservatives,  the  Bureau  under  authority  of 
the  act  of  May  25,  1900,  inaugurated  an  elaborate  series  of  investi¬ 
gations  to  solve  this  problem  of  food  preservatives. 
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Twelve  men  were  selected  who  pledged  themselves  to  use  no 
other  food  or  drink  than  that  provided  for  them  at  a  “  hygienic 
table/’  except  water,  which  when  taken  elsewhere  had  to  be  meas¬ 
ured  and  reported.  This  was  continued  for  a  period  of  about  six 
months  from  December  16,  1902,  to  June  29,  1903,  during  which 
time  the  men  were  pledged  to  observe  implicitly  all  rules  as  to  diet, 
exercise,  smoking,  etc.,  laid  down  for  them  by  the  Chemist.  A  daily 
record  was  kept  showing  for  each  member  the  weight,  pulse,  tem¬ 
perature,  income  and  outgo  of  food,  and  an  account  of  all  the  foods 
taken  and  meals  at  which  they  were  eaten.  During  this  period  boric 
acid  and  borax  were  administered  to  the  men  at  the  hygienic  table, 
and  the  effects  noted.  Other  experiments  with  squads  of  men, 
covering  different  periods,  were  made  by  the  administration,  of 
salicylic  acid  and  salicylates,  sulphurous  acid  and  sulphites,  ben¬ 
zoic  acid  and  benzoates,  and  formaldehyde.  The  tests  with  for¬ 
maldehyde,  the  last  of  the  series,  were  begun  November  12,  1904, 
and  concluded  December  17,  1904. 

These  experimental  studies  involved  an  immense  amount  of 
chemical  work,  including  the  analysis  of  samples  of  all  foods  and 
beverages  prepared  for  the  table,  and  of  the  excreta  of  the  subjects 
and  the  calculation  and  tabulation  of  the  results. 

It  appeared  from  these  investigations  that  “  both  boric  acid  and 
borax,  when  continually  administered  in  small  doses  for  a  long 
period  or  when  given  in  large  quantities  for  a  short  period  create 
disturbances  of  appetite,  of  digestion,  and  of  health  ” ;  that  the 
administering  of  salicylic  acid  and  salicylates  has  “  no  favorable 
effects  upon  the  metabolic  processes,”  but,  on  the  other  hand, 
exerts  “  deleterious  or  harmful  effects  ”  ;  that  “  the  administration 
of  benzoic  acid,  either  as  such  or  in  the  form  of  benzoate  of  soda, 
is  highly  objectionable  and  produces  a  very  serious  disturbance  of 
the  metabolic  functions,  attended  with  injury  to  digestion  and 
health  ” ;  and  that  “  the  addition  of  formaldehyde  to  foods  tends  to 
derange  metabolism,  disturb  the  normal  functions,  and  produce 
irritation  and  undue  stimulation  of  secretory  activities.”  14 

14  U.  S.  Department  of  Agriculture,  Bureau  of  Chemistry  Bulletin  No.  84, 
Parts  I-V,  Influence  of  food  preservatives  and  artificial  colors  on  digestion 
and  health,  1904-08,  pp.  255,  758,  1040,  1293,  and  1499- 
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The  disclosure  of  the  results  of  these  investigations  aroused 
public  sentiment  throughout  the  country  against  the  use  of  injuri¬ 
ous  preservatives  in  food  and  had  much  to  do  with  the  enactment 
of  the  Food  and  Drugs  Act  in  1906. 

Microbiological  Investigations.  In  connection  with  the  study  of 
food  products,  particularly  in  reference  to  their  adulteration,  the 
effects  of  cold  storage,  etc.,  many  important  problems  arose  of  a 
purely  bacteriological  nature.  A  laboratory  was  established  in  the 
Bureau  of  Chemistry  in  1905  which  dealt  almost  exclusively  with 
the  bacteriology  of  foods.  In  1908  a  similar  laboratory  was  estab¬ 
lished  in  Philadelphia,  and  until  1914  active  work  was  carried  on 
in  the  lines  indicated.  The  work  of  the  Philadelphia  laboratory  is 
described  elsewhere. 

In  1914  the  addition  of  mycologists  to  the  Bureau  staff  broad¬ 
ened  the  scope  of  the  bacteriological  work  to  include  the  investi¬ 
gation  of  molds  as  well  as  bacteria  in  the  handling  of  foods.  The 
laboratory  in  Philadelphia  was  discontinued  in  1919  and  the  work 
was  continued  in  the  Washington  laboratory  under  the  head  of 
Microbiology. 

Certain  products  which  lent  themselves  particularly  to  bacteri¬ 
ological  study  were  selected  for  special  attention,  such  as  oysters, 
eggs,  gelatin,  water  and  ice  cream. 

Since  the  handling  of  oysters  is  a  problem  of  great  economic 
importance  extensive  sanitary  surveys  of  oyster-producing  areas 
have  been  made.  Investigations  of  purification  of  oysters,  both  in 
the  shell  and  shucked,  soaking  oysters,  shipping  and  storage  have 
been  conducted  on  a  large  scale.  Later  on  studies  were  made  of 
hibernations  of  oysters  and  purification  in  the  shell  by  the  use 
of  chlorine.  Investigations  of  oyster  spoilage  were  also  conducted. 

Shell,  liquid,  frozen,  and  dried  eggs  were  studied  from  the  view¬ 
point  of  bacteriology.  This  work  was  carried  on  simultaneoulsy 
with  the  studies  of  eggs  conducted  by  the  Food  Research  Labora¬ 
tory  in  Philadelphia. 

The  preparation  and  the  resulting  quality  of  gelatin  sold  for 
food  purposes  received  a  great  amount  of  attention.  Many  exami¬ 
nations  were  also  made  in  connection  with  the  investigations  of 
the  bacteriological  condition  of  bread,  dates,  figs,  shelled  nuts,  ice 
cream,  bottled  waters  and  many  other  miscellaneous  products  on 
the  market. 
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Extensive  sanitary  surveys  were  made  of  the  clam-producing 
areas  along  the  northeastern  seaboard. 

In  the  period  between  1915  and  1918  a  great  deal  of  bacterio¬ 
logical  work  was  conducted  in  connection  with  the  control  of  the 
sanitary  quality  of  milk  imported  into  the  United  States  from 
Canada. 

From  1914  the  range  of  investigations  conducted  by  the  Micro¬ 
biological  Laboratory  has  included  studies  of  bacteriology  and 
mycology  involved  in  the  following :  Cultural  studies  of  penicillium 
and  aspergillus,  spoilage  in  cereal  products ;  deterioration  of  forage 
and  feeding  stuffs  ;  manufacture  of  sauerkraut,  pickles  and  vinegar  ; 
classification  of  bacteria  in  foods ;  fermentation  and  brining  of 
fruits  and  vegetables;  bacterial  flora  of  spoiled  canned  foods; 
manufacture  of  butter  and  condensed  milk;  producing,  handling 
and  shipping  oysters,  clams  and  other  shellfish ;  manufacture  of 
Oriental  sauces  from  soy  beans ;  sanitary  condition  of  soft  drinks 
and  bottled  beverages ;  food  poisoning  of  various  types ;  spoilage 
of  candy  and  sugar  products ;  spoiling  of  raw  vegetables ;  the 
handling  of  shrimp,  sardines  and  salmon ;  the  manufacture  and 
preparation  of  pickled  fish ;  studies  of  milk,  cream  and  other  dairy 
products,  and  the  testing  of  disinfectants. 

Food  and  Drug  Adulteration  Investigations.  Dr.  Antisell,  while 
Chemist  of  the  Department  of  Agriculture,  called  attention,  in  his 
annual  report  for  1869,  to  the  extensive;  adulteration  of  fertilizers 
and  feed  stuffs  and  to  the  need  of  controlling  the  purity  of  these 
products  by  chemical  supervision. 

While  early  studies  were  made  of  the  composition  and  nutritive 
value  of  foods,  it  was  not  until  1878  that  the  first  official  record 
of  any  special  study  of  food  adulteration  by  the  Chemical  Division 
appeared  in  an  annual  report  of  the  Commissioner  of  Agriculture. 
In  the  reports  for  the  fiscal  years  1878  to  1883  mention  was  made 
of  examinations  and  analyses  of  adulterated  tea,  sausage  and  other 
foods  for  mineral  or  organic  poisons,  and  studies  were  reported 
of  baking  powders,  coffee  substitutes,  butter  and  oleomargarine. 
Since  that  time,  increasing  attention  has  been  given  to  the  subject 
of  food  and  drug  adulteration,  and  efforts  for  the  prevention,  by 
federal  legislation,  of  the  manufacture  and  sale  of  adulterated  food 
and  drugs  which  began  in  1879  have  resulted  in  the  enactment  of 
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a  number  of  regulatory  laws  including  the  Food  and  Drugs  Act 
of  1906. 

One  of  the  first  problems  considered  by  Dr.  Wiley,  upon 
becoming  Chief  of  the  Chemical  Division  in  1883  was  the  more 
extensive  study  of  food  adulteration.  He  immediately  organized 
a  section  in  the  Chemical  Division  for.  the  study  of  food  adultera¬ 
tion,  and  thenceforth,  until  1927,  the  investigation  of  food 
adulteration  became  one  of  the  major  activities  of  the  chemical 
unit,  and  Dr.  Wiley  continued  unceasingly  in  his  efforts  to  place 
before  the  public  the  dangers  of  food  and  drug  adulteration,  and 
to  secure  legislation  for  its  prohibition.  When  the  Pure  Food  and 
Drug  Law  was  finally  enacted  in  1906,  the  act  was,  with  slight 
variations,  in  the  form  originally  drafted  by  Dr.  Wiley.  Dr.  Wiley 
may  thus  be  regarded  as  the  father  of  federal  pure  food  and  drug 
legislation  in  the  United  States. 

In  1883  the  Chemical  Division  began  the  issue  of  a  series  of 
bulletins  giving  the  results,  from  time  to  time,  of  its  scientific  and 
research  work.  Of  this  bulletin  series,  the  best  known  was  Bulletin 
13  upon  foods  and  food  adulterants,  covering  1417  pages,  and 
issued  in  ten  parts,  from  1887  to  1902.  It  deals  with  the  chemical 
composition,  technology,  and  adulteration  of  dairy  products,  spices, 
fermented  beverages,  lard,  baking  powders,  sugar,  molasses,  con¬ 
fections,  honey,  tea,  coffee,  cocoa,  canned  vegetables,  cereals  and 
preserved  meats.  The  publication  of  this  bulletin  was  an  important 
factor  in  the  movement  which  led  to  the  passage  of  the  Food  and 
Drugs  Act  in  1906. 

Investigations  of  American  dairy  products  covering  an  exami¬ 
nation  of  milk  and  butter  and  butter  adulterants,  honey  and  its 
adulterants,  and  maple  sugars  and  sirups,  were  begun  in  1883  and 
1884.  They  revealed  the  presence  of  numerous  spurious  adul¬ 
terated  articles  on  the  market  at  that  time. 

The  investigation  of  food  adulterants  consisted  at  that  period  of 
work  for  the  detection  of  food  adulteration  in  meat  and  dairy 
products,  condiments  and  spices,  fermented  alcohol  beverages, 
native  wines,  beers,  cider,  tea,  coffee,  chocolate,  baking  powders 
and  bakers’  chemicals,  flour  and  meal,  lard,  and  other  foods. 

The  creation,  by  the  act  of  May  29,  1884  (23  Stat.  L.,  38),  of 
the  Bureau  of  Animal  Industry  resulted,  later  on,  in  the  gradual 
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taking  over  by  that  Bureau  of  all  food  investigational  work  per¬ 
taining  to  meat  and  meat  products,  and  much  of  the  chemical  work 
concerning  dairy  products. 

The  Chemical  Division,  by  an  act  of  March  2,  1889  (25  Stat.  L., 
835,  837),  obtained  a  specific  appropriation,  for  the  first  time,  “  To 
enable  the  Secretary  of  Agriculture  to  extend  and  continue  the 
investigation  of  the  adulteration  of  food,  drugs,  and  liquors,  includ¬ 
ing  the  purchase  of  samples.”  It  required  the  Secretary  of  Agri¬ 
culture  “  to  make  a  separate  report  to  Congress  as  to  when  and 
where  the  samples  of  food,  liquors  and  drugs  were  purchased,  when 
and  where  analyzed,  and  the,  result  of  such  analysis,  together  with 
the  name  of  the  manufacturer  and  the  brand  or  label  on  the  pack¬ 
age  or  article.” 

Under  the  provisions  of  the  act  of  March  2,  1889,  a  special  agent, 
Alexander  J.  Wedderburn,  was  commissioned  by  the  Secretary  of 
Agriculture  on  March  5,  1889,  to  gather  important  evidence  in 
regard  to  the  extent  and  character  of  food  adulterations.  He  pre¬ 
sented  his  report  on  September  15,  1889, 15  the  information  being 
largely  derived  from  the  work  of  the  various  state  sanitary  bodies, 
official  reports,  documents,  and  discussions  upon  which  the  laws  of 
the  different  states  were  based,  from  the  laws  themselves,  and  from 
the  expressions  of  opinion  of  numerous  scientific  men  on  this 
subject.  The  investigations  were  undertaken  for  the  purpose  of 
collating  in  popular  form  well-authenticated  facts  respecting  food 
adulterations,  and  do  not  duplicate  in  any  way  the  scientific  work 
described  in  Bulletin  No.  13.16 

An  act  of  April  25,  1896  (29  Stat.  L.,  99,  102),  changed  the 
language  of  this  item  to  read :  “  To  investigate  the  adulteration  of 
foods,  drugs,  and  liquors,  when  deemed  by  the  Secretary  of  Agri¬ 
culture  advisable;  employing  such  assistants,  clerks,  and  other 
persons  as  the  Secretary  of  Agriculture  may  consider  necessary  for 
the  purpose  named ;  preparing,  illustrating,  and  publishing  reports 
and  exhibiting  the  results  of  such  investigations.”  Similar  items  of 

15  Department  of  Agriculture,  Division  of  Chemistry,  Bulletin  No.  25,  A 
Popular  Treatise  on  the  Extent  and  Character  of  Food  Adulterations,  1889, 
and  Bulletin  No.  32,  Extent  and  Character  of  Laws  Relating  to  Food  Adul¬ 
terations,  1891. 

16  See  page  3 7- 
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appropriation  were  made  each  year  until  the  enactment  of  the  Food 
and  Drugs  Act  of  June  30,  1906.  The  Bureau  of  Chemistry  during 
a  period  of  about  twenty  years  prior  to  the  enactment  of  the  Food 
and  Drugs  Act  covered  practically  the  whole  range  of  food  prod¬ 
ucts  in  these  investigations. 

In  1901,  when  the  Division  of  Chemistry  became  a  Bureau,  the 
first  unit  mentioned  in  the  reorganized  activities  of  the  new  Bureau 
was  the  Food  Laboratory,  to  which  was  confided  among  other 
functions  “  the  study  of  the  composition,  digestibility,  and  adulter¬ 
ation  of  human  foods  in  the  largest  sense  of  that  term,  including 
foods  in  the  ordinary  sense;  beverages  and  condiments.” 

A  dairy  laboratory  was  established  in  1901  for  the  purpose  of 
studying  the  best  methods  of  detecting  adulterated  or  preserved 
dairy  products  and  preventing  unjust  discrimination  against  these 
products  in  foreign  countries ;  also  for  dealing  with  other  problems 
pertaining  to  the  dairy  industry.  Special  studies  were  made  on  the 
effects  of  cold  storage  on  the  chemical  composition  of  milk  and 
cream,  and  other  investigations  looking  to  the  improvement  of 
dairy  products.  The  analyses  of  samples  submitted  by  the  Bureau 
of  Animal  Industry  were  made  in  this  Laboratory. 

An  appropriation  act  of  June  3,  1902  (32  Stat.  L.,  286,  296), 
made  a  provision,  which  was  repeated  in  a  number  of  subsequent 
acts,  to  enable  the  Bureau  of  Chemistry  “  to  investigate,  in  collab¬ 
oration  with  the  Bureau  of  Animal  Industry,  the  chemistry  of 
dairy  products  and  of  adulterants  used  therein  and  of  adulterated 
products,  to  determine  the  composition  of  process  and  other  treated 
butters,  and  other  chemical  studies  relating  to  dairy  products.” 

Studies  undertaken  in  1909  by  the  Bureau  of  Chemistry,  in 
cooperation  with  the  Bureau  of  Plant  Industry  and  the  Bureau  of 
Markets,  of  cereals  and  cereal  products  have  shown  that  this  class 
of  products  was  not  subject  to  as  many  adulterations  as  other  foods. 

An  investigation  of  canned  meats  demonstrated  the  fact  that 
“  meat  can  be  preserved  unharmed  for  a  long  time  by  the  process 
of  parboiling  or  ‘  shrinking  ’  when  thoroughly  sterilized  in  cans,” 
and  that  the  addition  of  chemical  preservatives  is  not  necessary. 

On  March  1,  1903,  a  drug  laboratory  was  established  in  the 
Bureau  of  Chemistry  for  the  purpose  of  studying  chemicals  and 
drugs,  and  valuable  results  were  secured.  Extensive  investigations 
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were  begun  of  chemical  reagents,  with  the  view  of  securing  more 
reliable  chemicals  for  analytical  work,  and  data  were  collected  for 
use  in  establishing  standards.  In  this  laboratory  many  so-called 
remedies  and  fake  cures  of  various  kinds  sent  through  the  mails 
and  intercepted  by  the  Post  Office  Department  were  examined,  and 
as  a  result  many  worthless  so-called  remedies  were  denied  the  use 
of  the  mails.  This  laboratory  was  reorganized  as  the  Division  of 
Drugs  in  the  Bureau  of  Chemistry  in  January,  1908. 

Other  activities  carried  on  in  pursuance  of  law  concerning  the 
investigation  of  imported  food  and  drugs  and  food  intended  for 
export  are  so  closely  related  to  food  and  drug  regulation  that  they 
are  considered  under  the  head  of  regulatory  activities. 

Microchemical  Analyses.  Microanalysis  has  for  years  been  an 
important  adjunct  to  general  analytical  methods.  The  microscope 
is  often  capable  of  revealing  the  composition  and  character  of 
products  not  capable  of  being  accomplished  by  true  chemical 
methods  alone.  In  this  manner  the  ingredients  of  various  spices 
and  cereal  fruit  products  can  be  tested  for  adulterants  and  sub¬ 
stitutes,  and  the  character  of  the  stock  used  in  tomato  catsup  and 
pulp  as  well  as  in  various  fruit  products,  and  the  kind  of  fibers 
used  in  paper  and  textiles,  can  be  determined  by  a  microscopical 
examination.  Likewise  the  ingredients  in  drug  products,  stock 
foods  and  numerous  other  commodities  yield  to  this  means  of 
examination. 

Because  of  the  large  range  of  substances  involved,  it  was  realized 
that  the  best  results  would  be  obtained  by  a  corps  of  specially 
trained  experts.  Therefore  in  1901  the  need  was  recognized  in  the 
appointment  of  a  microanalyst,  and  finally  in  1904,  a  Microchemi¬ 
cal  Laboratory  was  established  by  order  of  the  Secretary  of  Agri¬ 
culture.  This  laboratory  made  microanalytical  examinations  for 
various  branches  of  the  government  service  as  well  as  for  the 
Bureau  of  Chemistry,  of  which  it  was  a  part.  Besides  making 
routine  examinations  it  also  developed  new  applications  of  micro¬ 
scopical  methods  to  analytical  problems,  especially  those  related  to 
the  examination  of  insecticides,  cattle  feeds,  honey,  flour,  spices 
and  many  other  foods  and  food  products.  As  time  progressed, 
certain  purely  microchemical  methods  were  adopted  as  well  as  a 
wide  use  of  crystallographic  methods.  In  addition  to  those  methods 
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requiring  the  use  of  the  compound  microscope,  other  methods  of  a 
microscopic  character  were  developed  and  employed. 

As  examples  of  definite  accomplishments  by  the  Microchemical 
Laboratory  may  be  mentioned  the  development  of  a  practical  mold 
count  method  for  determining-  whether  tomato  catsup,  pulp,  paste 
and  other  tomato  products  were  prepared  from  decayed  tomatoes. 
Practical  methods  have  also  been  developed  for  determining  the 
degree  of  infestation  of  berries,  cherries,  figs  and  other  fruits  and 
fruit  products  by  molds  and  the  larvse  of  insects.  In  this  way  the 
public  has  not  only  been  protected  from  the  purchase  of  infested 
and  inferior  food,  but  much  valuable  service  has  been  rendered  to 
manufacturers  in  helping  them  to  purchase  raw  materials  of  supe¬ 
rior  quality,  to  improve  the  sanitation  of  their  establishments,  and 
to  produce  food  commodities  of  the  highest  degree  of  excellence. 

Fruit  and  Vegetable  Chemistry.  Since  1882,  the  chemical  unit 
has  been  occupied  from  time  to  time  with  special  studies  involving 
the  chemical  treatment  of  fruits  and  vegetables. 

In  1908  a  representative  of  the  Bureau  of  Chemistry  made  a 
six-month  study  of  the  lemon  oil  industry  abroad,  during  which 
he  collected  many  samples  which  were  examined  in  the  Bureau. 
This  work  led  to  the  investigation,  in  1910,  of  citrus  by-products. 

In  1912  a  laboratory  was  established  in  Los  Angeles  for  making- 
practical  commercial  tests  upon  the  production  of  citrus  by¬ 
products.  Studies  were  begun  to  devise  commercial  methods  for 
the  utilization  of  cull  citrus  fruits.  Later  on,  in  cooperation  with 
the  Bureau  of  Plant  Industry,  studies  were  made  of  the  utilization 
of  surplus  and  cull  apples  and  potatoes  and  other  fruits  and  vege¬ 
tables.  Specific  appropriation  was  made  in  the  act  of  March  4, 
1915  (38  Stat.  L.,  1086,  1102),  for  “the  study  and  improvement 
of  methods  of  utilizing  by-products  of  citrus  fruits.”  This  item 
was  repeated  in  four  subsequent  acts. 

Frost-damaged  fruit  was  first  definitely  investigated  by  the  Bu¬ 
reau  in  1912,  but  especial  attention  was  given  to  it  in  1916.  Studies 
were  made  of  the  effect  of  freezing,  both  naturally  and  artificially, 
on  the  composition  of  citrus  fruits  with  the  view  of  detecting  frozen 
fruit  and  eliminating  it  in  commercial  shipments. 

In  1913  investigations  were  undertaken  of  the  composition  of 
various  citrus  and  deciduous  fruits  and  vegetables  at  all  stages  of 
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their  growth  and  the  effect  of  storage  and  shipment  upon  the 
composition,  with  a  view  to  ascertaining  the  best  harvesting  time 
for  consumption,  storage,  and  transportation.  An  act  of  March  4, 
I9I7  (39  Stat.  L.,  1134,  1153),  provided  for  “the  investigation 
and  development  of  methods  for  determining  maturity  in  fruit  and 
vegetables  in  cooperation  with  the  Bureau  of  Plant  Industry  and 
the  Bureau  of  Markets,”  an  item  which  was  repeated  in  two  subse¬ 
quent  appropriation  acts.  This  work  resulted  in  the  establishment 
of  maturity  standards. 

The  Bureau  in  1913  also  took  up  a  study  of  the  methods  of 
sweating  unripe  fruit  to  improve  the  color  and  thus  make  it 
marketable.  A  method  for  improving  the  color  of  fully  matured 
fruit  by  means  of  ethylene,  to  make  it  more  acceptable  on  the 
market,  without  defrauding  the  purchaser,  was  developed  and 
suggested  by  the  Bureau  in  1923. 

In  connection  with  the  administration  of  the  Food  and  Drugs 
Act,  as  it  pertains  to  the  adulteration  of  food,  the  question  of  the 
use  of  excessive  amounts  of  sulphur  in  drying  fruits  and  vegetables 
assumed  some  importance.  A  thorough  investigation  of  the  fruit¬ 
drying  industry  was  conducted  by  the  Bureau  of  Chemistry  in 
1907,  especially  as  it  existed  on  the  Pacific  coast. 

This  investigation  involved  every  phase  of  the  industry,  from 
the  selection  of  the  fruit,  its  delivery  and  preparation  for  drying, 
to  the  packing  and  shipping  of  the  finished  product. 

Especial  attention  was  given  to  the  matter  of  sulphuring.  Meth¬ 
ods  employed,  quantities  of  sulphur  used,  and  the  character  of  the 
marketed  product  were  the  points  chiefly  considered.  Cooking 
experiments  were  conducted  to  determine  how’  much,  if  any,  sul¬ 
phur  was  eliminated  in  the  process  of  preparing  the  fruit  for  the 
table. 

Since  the  initial  work  described,  the  Bureau  of  Chemistry  has 
continued  its  investigations  of  the  subject  of  dried  fruit  and  vege¬ 
tables,  but  in  later  years  the  general  problem  of  the  conservation 
of  valuable  food  materials  has  assumed  the  major  importance,  and 
the  question  of  sulphur  has  become  a  subordinate  one. 

In  1918,  the  Bureau  began  the  study  of  methods  for  drying  fruits 
and  vegetables  with  the  view  of  improving  this  industry.  The  next 
year  a  specific  appropriation  was  made  for  this  work  by  an  act  of 


HISTORY  43 

July  24,  1919  (41  Stat.  L.,  234,  254),  which  provided  for  “  the 
study  and  improvement  of  methods  of  dehydrating  materials  used 
for  food,  in  cooperation  with  such  persons,  associations,  or  cor¬ 
porations  as  may  be  found  necessary,  and  to  disseminate  informa¬ 
tion  as  to  the  value  and  suitability  of  such  products  for  food.”  This 
item  was  repeated  in  four  subsequent  appropriation  acts,  during 
which  period  this  study  was  one  of  the  major  investigational  activi¬ 
ties  of  the  Bureau.  These  investigations  have  demonstrated  that 
when  proper  methods  are  used,  dehydrated  products  of  superior 
quality  can  be  made,  in  which  practically  all  the  flavor  and  color 
of  the  fresh  product  is  retained.  The  studies  were  completed  in 
1924. 

Formulation  of  Food  Standards.  The  importance  of  having 
properly  formulated  food  standards  received  the  attention  of  the 
Bureau  of  Chemistry  at  an  early  period  in  the  development  of  the 
pure  food  movement.  The  data  upon  the  composition  of  manu¬ 
factured  foods,  which  the  Bureau  began  to  publish  in  1887,  have 
served  in  part  as  a  basis  for  the  formulation  of  such  standards. 
The  question  of  food  standards  was  also  early  considered  by  both 
the  Association  of  Official  Agricultural  Chemists  and  by  the  Asso¬ 
ciation  of  American  Dairy  Food  and  Drug  Officials.  The  Associa¬ 
tion  of  Official  Agricultural  Chemists  in  1897  adopted  a  resolution 
to  formulate  standards  for  food  products  to  be  used  as  a  guide  to 
secure  closer  agreement  in  the  expert  interpretation  of  food  analy¬ 
ses  and  to  serve  as  a  more  perfect  basis  of  comparison.  A  committee 
of  the  association  formulated  a  set  of  provisional  standards,  made 
a  register  of  official  food  chemists,  and  codified  existing  food  con¬ 
trol  legislation  especially  relating  to  standards  of  purity.  Its  report 
was  presented  to  the  association  at  its  annual  convention  in 
November,  1898. 

The  Association  of  American  Dairy  Food  and  Drug  Officials  in 
1901  appointed  a  committee  to  confer  with  the  committee  appointed 
by  the  Association  of  Official  Agricultural  Chemists  and  to  aid  and 
encourage  the  early  completion  of  those  standards.  This  committee, 
which  was  reappointed  in  1902,  prepared  a  tentative  draft  of  defini¬ 
tions  and  standards  which  was  published  in  the  report  of  the 
proceedings  of  the  convention. 
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An  act  approved  June  3,  1902  (32  Stat.  L.,  286,  296),  made 
an  appropriation  “  to  enable  the  Secretary  of  Agriculture  in 
collaboration  with  the  Association  of  Official  Agricultural  Chemists 
and  such  other  experts  as  he  may  deem  necessary  to  establish  stand¬ 
ards  of  purity  for  food  products  and  to  determine  what  are  re¬ 
garded  as  adulterations  therein  for  the  guidance  of  the  officials  of 
the  various  states  and  of  the  courts  of  justice.” 

The  Secretary  of  Agriculture  appointed  the  same  persons  who 
constituted  the  original  committee  of  the  Association  of  Official 
Agricultural  Chemists,  the  first  official  standards  committee  to 
advise  the  Secretary  of  Agriculture,  under  authority  of  this  act. 
This  item  of  appropriation  was  continued  annually  through  the 
fiscal  year  ending  June  30,  1907,  though  during  the  last  two  years 
of  this  period  it  was  in  slightly  different  form. 

The  standards  adopted  under  this  authority  of  Congress  were 
issued  in  Circulars  10,  17,  and  19,  Office  of  the  Secretary  under 
the  title  “  Standards  of  Purity  for  Food  Products.”  Circular  10 
was  issued  in  1903  and  Circular  19,  in  1906. 

After  the  Food  and  Drugs  Act  became  effective  in  1907,  the 
specific  authority  in  the  appropriation  bill  to  fix  standards  was  no 
longer  considered  necessary,  and  was  dropped  from  subsequent 
appropriation  acts.  The  need  for  uniform  standards,  however,  has 
become  more  and  more  apparent  as  work  in  the  enforcement  of 
that  act  has  progressed  and  as  more  states  adopted  food  and  drug 
control  laws,  and  the  Joint  Committee  on  Definitions  and  Stand¬ 
ards,  now  known  as  the  Food  Standards  Committee,  has  continued 
to  formulate  and  adopt  standards  for  foods.  This  committee  con¬ 
sists  of  three  representatives  from  the  Department  of  Agriculture, 
three  from  the  Association  of  American  Dairy,  Food  and  Drug 
Officials,  and  three  from  the  Association  of  Official  Agricultural 
Chemists. 

Food  Conservation .  When  the  Food  Laboratory  was  organized 
in  1901,  some  of  its  first  activities  were  studies  upon  the  chemistry 
of  tropical  fruits,  especially  pineapples ;  upon  the  effect  of  cold 
storage  on  the  chemical  composition  of  apples ;  and  upon  apple 
pomace  and  must. 

The  Food  Research  Laboratory,  in  1907,  began  to  develop 
criteria  for  judging  food  products  subject  to  the  Food  and  Drugs 
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Act  held  in  cold  storage,  which  soon  grew  into  an  important  con¬ 
structive  service  to  the  poultry  and  egg-handling  industry  of  the 
country.  It  determined  what  chemical  changes  take  place  in  poultry 
and  eggs  when  held  in  cold  storage  for  short  and  long  periods.  It 
developed  and  introduced  into  general  use  more  efficient  and  sani¬ 
tary  methods  of  killing,  bleeding,  picking,  chilling,  freezing,  and 
packing  poultry.  It  studied  the  causes  of  the  deterioration  of  shell 
eggs  and  proposed  remedies  which  have  been  widely  adopted.  It 
introduced  improved  methods  of  candling,  chilling,  handling,  and 
transporting  eggs.  It  studied  the  breakage  of  eggs  in  transit,  and 
the  suggestions  it  has  made  with  reference  to  the  flats  and  fillers 
for  egg  cases,  to  the  construction  of  egg  cases  and  their  stowing 
and  bracing  in  freight  cars,  and  to  the  switching  of  freight  cars 
in  the  yards,  have  contributed  materially  to  the  reduction  of  a  great 
economic  loss.  It  has  revolutionized  the  egg-breaking  industry  of 
the  country.  It  introduced  improved  and  more  sanitary  methods 
in  the  egg-drying  industry  before  this  business  was  transferred  by 
American  firms  to  China.  *It  studied  refrigeration  in  transit,  the 
efficiency  of  refrigerator  cars,  and  methods  of  icing  them.  Its 
recommendations  have  been  adopted  widely  by  the  railroads  and 
many  of  its  suggestions  are  embodied  in  present-day  refrigerator 
rolling-stock  design.  This  laboratory  was  peculiarly  successful  in 
translating  its  discoveries  into  everyday  practice. 

In  1914  Congress  for  the  first  time  made  a  specific  appropriation 
for  studies  in  food  conservation  by  the  Bureau  of  Chemistry.  An 
act  of  June  30,  1914  (38  Stat.  L.,  415,  431),  made  appropriation 
for  “  investigating  the1  preparation  for  market,  the  handling,  grad¬ 
ing,  packing,  freezing,  drying,  storage,  and  transportation  of  poul¬ 
try  and  eggs,  and  for  experimental  shipments  of  poultry  and  eggs 
within  the  United  States  ” ;  for  “  investigating  the  handling,  grad¬ 
ing,  packing,  canning,  freezing,  storing,  and  transportation  of  fish, 
and  for  experimental  shipments  of  fish,  for  the  utilization  of  waste 
products,  and  the  development  of  new  sources  of  food  ” ;  for  “  in¬ 
vestigating  the  packing,  handling,  storing,  and  shipping  of  oysters 
and  other  shellfish  in  the  United  States  and  the  waters  bordering 
on  the  United  States  ” ;  and  for  “  the  biological  investigation  of 
food  and  drug  products  and  substances  used  in  their  manufacture.” 
These  specific  appropriations  were  discontinued  after  1921. 


4-6 


BUREAU  OF  CHEMISTRY  AND  SOILS 


These  studies  were  undertaken  with  the  view  to  conserving  the 
food  supply  by  preventing  spoilage  and  waste,  increasing  produc¬ 
tion,  and  developing  new  methods  of  utilizing  products  of  the  soil 
and  sea.  The  fish  investigations  were  carried  on  in  cooperation  with 
the  Bureau  of  Fisheries. 

Industrial-Farm  Products.  Under  the  broad  authority  of  the  act 
of  May  15,  1862,  establishing  the  Department  of  Agriculture,  “to 
acquire  and  to  diffuse  among  the  people  of  the  United  States  useful 
information  on  subjects  connected  with  agriculture  in  the  most 
general  and  comprehensive  sense  of  that  word,”  the  chemists  of 
the  Department  early  turned  their  attention  to  the  industrial  utiliza¬ 
tion  of  various  products  of  the  farm  and  forest. 

As  early  as  1871  the  chemists  of  the  Department  began  the  study 
of  tanning  materials,  starting  with  sumac.  In  1873  they  studied 
the  woods  of  southwestern  United  States  as  a  source  of  tannin 
and  pointed  out  the  utility  of  Osage  orange  as  a  source  of  tannin. 
Work  on  tanning  materials  developed  steadily  from  that  time, 
followed  by  work  on  leather  and  on  tanning. 

In  1900  consideration  was  given  to  the  utility  of  cornstalks  as 
a  paper-making  material,  a  subject  in  which  the  Chemical  Division 
of  the  Department  became  interested  as  early  as  1862.  In  July, 
1902,  related  activities  of  the  then  divisions  of  Chemistry  and 
Forestry  were  combined  into  a  cooperative  unit  known  as  the 
“  Dendro-Chemical  Laboratory.”  This  unit  organized,  coordinated, 
and  extended  the  work  being  done  on  wood  pulp  and  paper,  and 
planned  a  paper-testing  laboratory  to  exercise  intelligent  control  on 
the  purchases  of  papers  made  by  the  United  States  Government. 
It  also  undertook  investigations  on  the  adulteration  of  American 
turpentines  and  composition  and  the  wearing  qualities  of  American- 
tanned  sole  leathers.  It  continued  investigations  on  chemical  meth¬ 
ods  for  killing  trees,  extended  the  studies  on  chemistry  and 
histology  of  woods  and  barks,  and  compiled  a  bibliography  of 
literature  on  dendro-chemistry. 

In  February,  1904,  the  Bureau  of  Chemistry  cooperated  with 
paper  makers  in  mill-scale  experiments  on  making  paper  from 
sugar  cane  bagasse  and  from  cornstalks,  which  experiments  defi¬ 
nitely  showed  the  possibility  of  making  good  grades  of  paper  from 
both  of  these  waste  materials. 
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In  July,  1904,  the  Dendro-Chemical  Laboratory  was  reorganized 
under  the  name  “  Leather  and  Paper  Laboratory  ”  by  the  Secretary 
of  Agriculture.  This  laboratory  continued  the  activities  of  the 
Dendro-Chemical  Laboratory  and  began  extensively  the  work  on 
testing  papers  purchased  by  the  government.  Other  work  initiated 
at  that  time  included  the  extraction  of  tannin  from  tanning  ma¬ 
terials  with  the  view  to  reduce  losses ;  the  study  of  quick-growing 
but  hitherto  little-used  tanning  materials  with  the  view  to  supple¬ 
ment  the  rapidly  decreasing  supply  of  materials  generally  used  and 
to  determine  their  leather-making  value  and  susceptibility  to  im¬ 
provement.  Gradually  there  were  added  investigations  on  degras 
or  wool  grease  and  methods  for  detecting  its  adulterants  ;  investiga¬ 
tions  on  correct  methods  of  handling  hides  and  skins  ;  investigations 
on  causes  and  prevention  of  defects  and  deterioration  of  leather 
and  leather  articles ;  investigations  on  methods  of  tanning  and 
finishing  leather ;  investigations  on  the  chemical  and  physical  quali¬ 
ties  of  various  leathers  and  leather  substitutes ;  investigations  on 
the  chemical  and  physical  properties  of  the  more  important  kinds 
of  paper  and  utilization  of  such  data  for  preparing  standard  specifi¬ 
cations  for  papers ;  investigations  on  new  raw  materials  for  pulp 
and  paper  making  and  demonstration  of  the  value  of  such  ma¬ 
terials;  investigations  on  the  distillation  of  turpentine,  with  par¬ 
ticular  reference  to  improving  the  yield  and  quality  of  products 
from  waste  pine ;  investigations  on  the  adulteration  of  turpentine, 
and  investigations  on  the  destructive  distillation  of  resinous  wood. 

One  of  the  important  objects  of  the  leather  laboratory  work  has 
been  to  cover  all  phases  of  the  production,  utilization,  and  conserva¬ 
tion  of  leather,  tanning  materials,  hides,  skins,  and  other  leather¬ 
making  materials,  since  both  as  a  producer  and  a  consumer  the 
agriculturist  is  primarily  interested  in  these  materials. 

While  the  Bureau  had  been  making  studies  of  rosin  and  tur¬ 
pentine  since  1893  under  the  broad  authority  of  the  act  of  May  15, 
1862,  specific  appropriation  was  made  for  the  first  time  in  1916, 
for  “  investigating  the  grading,  weighing,  handling,  and  transporta¬ 
tion  of  naval  stores,  and  the  preparation  of  definite  type  samples 
thereof,  and  for  the  demonstration  of  improved  methods  or  proc¬ 
esses  of  preparing  naval  stores,  in  cooperation  with  individuals 
and  companies.”  This  investigation  has  been  continuous,  specific 
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appropriations  having  been  made  for  each  year  since  that  time.  The 
Naval  Stores  Act  of  March  3,  1923  (42  Stat.  L.,  1435),  added 
regulatory  functions  to  the  investigational  work  of  the  Bureau  in 
this  field,  but  these  functions  were  transferred  to  the  Food,  Drug, 
and  Insecticide  Administration  on  July  1,  1927. 

In  1915  tests  and  experiments  on  waterproofing,  mildew-proof¬ 
ing,  and  fireproofing  of  fabrics  were  begun,  with  the  object  of  en¬ 
abling  farmers  and  others  to  procure  cheap  and  effective  fabrics 
for  wagon  covers,  stock  covers,  tents,  tarpaulins  and  other  uses,  an 
activity  which  is  still  being  carried  on  by  the  Bureau. 

Provision  was  made  in  an  act  of  July  24,  1919  (41  Stat.  L.,  234, 
254),  for  “  the  investigation  and  development  of  methods  of  utiliz¬ 
ing  wool-scouring  waste,”  an  item  which  was  repeated  in  three 
subsequent  appropriation  acts.  Accordingly,  from  1919  to  1923 
work  was  done  by  the  Bureau  on  the  recovery  and  utilization  of 
wool-scouring  waste.  The  constituents  of  the  wastes  from  all 
classes  of  wools  were  carefully  determined  on  a  large  number  of 
samples,  and  a  scouring  process  which  promises  to  permit  the 
economical  recovery  of  wool  wastes  was  developed  to  the  point 
where  it  is  ready  for  mill-scale  trial  and  development. 

In  the  study  of  wool-scouring  the  Bureau  of  Chemistry  has  made 
the  most  extended  series  of  analyses  of  different  wools  that  has 
ever  been  undertaken.  Analyses  were  made  of  about  five  hundred 
samples  representative  of  all  the  different  kinds  and  classes  of 
wools  of  the  world.  The  Bureau  showed  from  practical  tests  that 
wool-scouring  wastes  other  than  the  grease  can  be  used  as  a  source 
of  potash  and  nitrogen  and  as  a  filler  in  making  fertilizer.  It 
developed  a  modified  process  on  a  laboratory  scale  which  appeared 
to  make  it  practicable  to  recover  all  the  wastes  of  wool-scouring 
and  to  utilize  them  at  a  small  profit  or  at  cost,  thus  eliminating  these 
exceedingly  objectionable  materials  from  the  drainage  waters  of 
the  country  and  putting  them  to  some  practical  use.  The  Bureau 
has  made  no  effort,  because  of  lack  of  funds,  to  organize  a  co¬ 
operative  mill-scale  test  of  the  practicability  of  its  process,  but 
confidence  was  expressed  by  the  Bureau,  in  its  industrial  utility. 

Among  the  outstanding  accomplishments  of  the  Bureau  of 
Chemistry  in  the  group  of  activities  included  under  the  head  of 
industrial  farm  products  may  be  mentioned :  Initiating  in  this 
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country  chemical  and  technological  investigations  looking  to  the 
utilization  of  farm  and  forest  products  for  industrial  purposes, 
1871 ;  inauguration  of  chemical  investigations  of  American  tanning 
materials,  1871 ;  development  of  methods  for  the  analysis  of 
tanning  materials  and  leather,  1891  to  date ;  mill-scale  manufacture 
of  paper  from  sugar  cane  bagasse  and  cornstalks  in  cooperation  with 
paper  makers,  1904 ;  establishment  of  the  first  government  labora¬ 
tory  in  the  United  States  for  the  testing  of  papers  and  the  prepara¬ 
tion  and  elaboration  of  specifications  for  various  kinds  of  paper 
which  formed  the  basis  of  present  specifications  for  the  purchase 
of  paper  used  generally  in  the  government  service,  1904 ;  investiga¬ 
tion  of  the  quality  of  Sicilian  sumac  and  methods  for  detecting 
its  adulteration,  1908 ;  installation  of  the  first  laboratory  in  this 
country  for  physical  testing  under  controlled  and  constant  tem¬ 
perature  and  humidity,  1909;  in  cooperation  with  Congressional 
Joint  Committee  on  Printing  and  the  Public  Printer,  reduction  in 
the  weights  of  paper  used  in  the  government  service,  thus  effecting 
large  economies  by  conserving  raw  materials,  labor,  and  space,  1911 
to  date ;  origination  of  a  useful  method  for  determining  the  trans- 
lucency  of  papers,  1912 ;  preparation  of  permanent  types  for  grad¬ 
ing  rosin,  which  have  been  accepted  by  the  trade  and  made  the 
United  States  standards  for  grading  rosin  under  the  Naval  Stores 
Act  of  1912 ;  design  and  construction  of  the  first  reasonably  prac¬ 
tical  machine  for  testing  the  wear  of  sole  leather,  1912-1916 ; 
process  developed  and  patent  dedicated  to  the  public  for  making 
pulp  from  wood  by  ammonia  and  sulphur  dioxid  process,  1912; 
completion  of  the  first  extensive  series  of  analyses  showing  the 
composition  of  American  sole  leathers,  1913 ;  development  of  proc¬ 
ess  for  utilization  of  waste  resinous  woods  in  making  turpentine, 
rosin  oil,  and  paper  pulp,  1913;  completion  of  the  first  organized 
large-scale  experiments  on  the  wear  of  leather  from  different  parts 
of  the  hide,  1914;  elaboration  of  a  satisfactory  method  for  deter¬ 
mining  the  ink  resistance  of  papers,  1916;  development  of  practical 
methods  for  determining  the  water  and  mildew  resistance  of  canvas, 
effective  water  and  light  resistant  treatments  for  canvas  and  effec¬ 
tive  weather  resistant  treatment  for  tobacco  shade  cloth,  1917  to 
date ;  design  and  construction  of  a  special  mercury  displacement 
volumenometer  for  determining  the  specific  gravity  of  large  pieces 
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of  leather  and  similar  materials,  1918;  development  of  waterproof 
baling  paper  and  reinforced  fibre  containers  for  overseas  shipments 
in  cooperation  with  the  War  Department  and  industrial  firms,  1918 ; 
development  of  effective  waterproofing  treatments  for  sole  leather, 
1918;  origination  of  a  satisfactory  method  for  determining  the 
absorbency  of  blotting  paper,  1918;  basic  investigations  leading  to 
the  establishment  in  this  country  of  the  manufacture  of  high  grade 
blue  and  brown  print  papers  for  engineers,  1918;  design  and  con¬ 
struction  of  impact  tester  for  fiber  and  box  board,  1918;  compila¬ 
tion  of  a  bulletin  on  “  Skinning,  Curing  and  Marketing  of  Country 
Hides  and  Skins  ”  in  cooperation  with  the  Bureaus  of  Animal  In¬ 
dustry  and  Agricultural  Economics,  which  has  become  a  standard 
text  on  the  subject  and  has  been  translated  into  Spanish  and 
Portuguese,  1919 ;  assembly  of  detailed  information  on  the  selection 
and  care  of  shoes  and  other  leather  articles,  1920;  experiments 
yielding  the  first  available  data  obtained  under  rigid  control  on  the 
effect  of  relative  humidity  on  the  strength  and  stretch  of  leather, 
1922 ;  complete  analysis  of  composition  of  the  scouring  wastes  from 
five  hundred  samples  representing  all  kinds  and  classes  of  wool, 
1922;  demonstration  of  the  utility  of  wool-scouring  wastes  as 
sources  of  potash,  nitrogen,  and  filler  in  fertilizer,  1922 ;  develop¬ 
ment  on  a  laboratory  scale  of  wool-scouring  process  for  the  eco¬ 
nomic  recovery  of  wastes,  1922  ;  elaborate  actual  wear  experiments 
on  the  relative  value  of  different  shoe  leathers  and  shoe  soling 
materials,  in  cooperation  with  the  United  States  Army,  1923 ; 
analyses  showing  the  relatively  high  tannin  content  of  stump  wood 
of  the  American  chestnut  tree,  1925 ;  the  first  extensive  analytical 
data  supporting  the  theory  that  deterioration  of  bookbinding  and 
similar  leathers  results  in  part  from  polluted  atmosphere,  particu¬ 
larly  that  of  cities  and  towns,  1926;  determination  of  moisture 
content  at  different  air  temperatures  and  humidity  of  many  kinds 
of  paper,  1926;  development  of  a  practical  steam  still  from  the 
fire  still  for  turpentine  and  rosin,  1927. 

Color  and  Farm  Waste  Investigations.  The  color  work  of  the 
Bureau  of  Chemistry  originated  with  the  investigation  of  the  dyes 
employed  for  coloring  food  products,  the  earliest  specific  appro¬ 
priation  for  this  work  being  an  item  in  the  act  of  May  25,  1900 
(31  Stat.  L.,  191,  196),  “  to  enable  the  Secretary  of  Agriculture  to 
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investigate  the  character  of  proposed  food  preservatives  and  color¬ 
ing  matters  to  determine  their  relation  to  digestion  and  health,  and 
to  establish  the  principles  which  shall  guide  their  use.” 

The  history  of  the  Bureau’s  activities  with  regard  to  food  preser¬ 
vatives  is  given  elsewhere.  The  investigation  of  dyes  employed  for 
coloring  food  products  was  carried  on  in  various  laboratories  of 
the  Bureau  of  Chemistry  prior  to  the  erection  of  the  Color  Labora¬ 
tory  Building  at  Arlington,  Virginia  in  1920.  The  color  investiga¬ 
tions  originally  included  identification,  analysis,  and  physiological 
investigations  concerning  coloring  matters  used  in  foods.  After  the 
enactment  of  the  Food  and  Drugs  Act  the  main  object  of  the  color 
work  was  the  solution  of  problems  arising  from  and  necessitated  by 
that  act.  In  addition  to  the  certification  of  food  colors,  the  color 
activities  of  the  Bureau  of  Chemistry  included  the  work  of  a  Con¬ 
tracts  Laboratory  on  inks,  pigments,  and  similar  substances. 

Before  the  outbreak  of  the  World  War  in  1914  the  German  dye 
industry  had  forced  nearly  all  American  dye  concerns  out  of  busi¬ 
ness.  Those  which  had  survived  were  chiefly  engaged  in  the  as¬ 
sembling  of  dyes  from  German  intermediates,  the  supply  of  which 
promptly  ceased,  along  with  all  dye  importation,  with  the  tightening 
of  the  British  blockade  of  Germany.  This  caused  great  hardships 
to  the  users  of  dyes  in  the  United  States,  partly  because  of  actual 
shortage  of  material  and  partly  because  the  American  manufac¬ 
turers,  who  had  immediately  started  to  make  dyes,  did  not  have 
the  research  data  necessary  for  the  proper  prosecution  of  their 
problem. 

Much  pressure  was,  therefore,  brought  upon  Congress  to  do  its 
share  in  the  rush  of  dye  investigation.  Accordingly,  an  appropria¬ 
tion  of  $50,000  was  made  on  August  11,  1916,  “  for  investigation 
and  experiment  in  the  utilization  for  coloring  purposes  of  raw 
materials  grown  or  produced  in  the  United  States.”  As  most  of 
the  chemists  in  the  government  service  who  had  had  experience 
in  color  work  were  in  the  Bureau  of  Chemistry,  this  work  was 
assigned  to  the  Department  of  Agriculture.  A  building  for  a  Color 
Laboratory  was  erected  on  the  Arlington  Farm,  and  plans  were 
made  for  the  laboratory  investigation  of  colors  and  the  substances 
entering  into  their  composition,  and  for  the  reproduction  of  labora¬ 
tory  processes  in  a  technical  scale. 
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After  the  critical  situation  in  the  dye-stuffs  supply  had  been 
relieved,  an  accomplishment  in  which  the  Color  Laboratory  played 
a  large  part,  it  was  felt  that  this  organization  should  continue  to 
serve  industry  by  working  on  problems  which,  for  one  reason  or 
another,  are  unsuited  to  the  research  facilities  of  our  commercial 
organizations.  To  enable  the  Bureau  of  Chemistry  to  expand  its 
activities  into  these  new  fields,  Congress,  in  1920,  broadened  the 
authority  given  in  preceding  appropriation  acts  by  changing  the 
item  to  read,  “  For  investigation  and  experiment  in  the  utilization, 
for  coloring,  medicinal  and  technical  purposes,  of  raw  materials 
grown  or  produced  in  the  United  States.”  This  item  has  appeared 
in  each  succeeding  annual  appropriation  act. 

During  the  twelve  years  that  have  elapsed  since  the  founding 
of  the  Color  Laboratory,  many  projects  have  been  started  and 
carried  to  completion.  The  most  prominent  of  these,  and  the  one 
which  is  still  considered  the  outstanding  achievement  is  the  produc¬ 
tion  of  phthalic  anhydride  by  the  atmospheric  oxidation  of  naphtha¬ 
lene.  Before  the  war  phthalic  anhydride  was  produced  only  in  Ger¬ 
many  at  the  price  of  fifty  cents  a  pound.  The  latest  figure  for 
American  production  is  4,549,820  pounds,  at  an  average  of  16.9 
cents  a  pound,  and  every  pound  of  this  large  output  is  made  by 
the  American  process  worked  out  in  the  Color  Laboratory.  Vat  dyes 
are  the  dyes  of  the  future  for  all  work  in  which  fastness  to  light 
and  washing  is  essential.  These  dyes  were  discovered  by  the  Ger¬ 
mans  in  1901,  and  all  the  pre-war  production  was  German.  The 
present  output  of  vat  dyes  in  the  United  States  is  at  the  rate  of 
more  than  five  million  five  hundred  thousand  pounds  per  annum, 
valued  at  over  $5,000,000.  It  is  safe  to  say  that  without  the  Color 
Laboratory  process  for  phthalic  anhydride  there  would  be  no  vat 
dye  industry  in  the  United  States,  for  this  substance  is  the  basis  of 
nearly  all  vat  dyes.  Derivatives  of  this  invaluable  intermediate  are 
used  extensively  in  pyroxylin  varnishes,  and  new  uses  are  con¬ 
stantly  coming  forward,  so  that  even  now  it  is  difficult  to  evaluate 
accurately  the  results  of  this  particular  piece  of  research. 

All  farm  wastes  contain  pentosans,  and  pentosans  may  be  con¬ 
verted  to  furfural  by  a  simple  acid  distillation.  The  present  Ameri¬ 
can  output  of  furfural,  which  is  used  extensively  in  synthetic  resins, 
is  more  than  half  a  million  pounds,  at  an  average  selling  price  of  ten 
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to  seventeen  cents  a  pound.  Before  1922,  when  the  Color  Labora¬ 
tory  started  work  on  the  production  of  furfural,  it  was  a  chemical 
curiosity,  valued  at  thirty  dollars  a  pound.  Again,  the  work  of  the 
chemists  of  this  laboratory  is  the  basis  of  an  important  industry. 

Although  the  total  production  of  photosensitizing  dyes  is  but  a 
tiny  fraction  of  the  total  output  of  dyes,  many  important  scientific 
and  industrial  developments  are  dependent  on  their  use.  During 
the  war  and  after,  a  great  need  was  felt  for  these  materials.  To 
meet  this  demand  these  colors  were  synthesized  in  the  Color 
Laboratory  and  sold  until  commercial  production  was  developed 
in  this  country. 

Although  the  color  certification  work  is  no  longer  a  function  of 
the  Bureau  of  Chemistry  and  Soils,  as  it  was  assigned  to  the  Food, 
Drug,  and  Insecticide  Administration  at  the  time  of  the  reorganiza¬ 
tion  on  July  1,  1927,  the  development  of  the  certification  of  food 
colors  is  one  of  the  accomplishments  of  the  Bureau  of  Chemistry, 
and  this  service  is  still  being  performed  by  the  Color  and  Farm 
Waste  Division  of  the  Bureau  of  Chemistry  and  Soils  for  the  Food, 
Drug  and  Insecticide  Administration.  This  work  antedated  the 
foundation  of  the  Color  Laboratory  by  some  nine  years,  since  it 
was  started  in  1907  as  a  part  of  the  administration  of  the  Food 
and  Drugs  Act.  Starting  in  a  very  humble  way  with  no  legal 
authorization,  this  work  has  grown,  favored  by  the  cooperation  of 
the  manufacturers  of  food  colors,  to  a  point  where  the  actual 
certification  of  food  colors  during  the  last  fiscal  year  (1927-1928) 
was  273,283  pounds  of  straight  dyes,  15,279  pounds  of  repacked 
straight  dyes,  and  310,137  pounds  of  mixtures.  Now  the  words 
“  certified  food  colors  ”  have  come  to  mean  both  harmlessness  and 
purity  to  the  American  public. 

Insecticide  and  Fungicide  Investigations.  Chemical  investiga¬ 
tions  in  the  Department  of  Agriculture  upon  Paris  green  were 
initiated  in  1874  by  Dr.  William  McMurtrie,  then  Chief  of  the 
Chemical  Division,  since  which  time  the  subject  of  insecticides  has 
been  one  of  the  leading  projects  to  engage  the  attention  of  the 
Department  chemists. 

Before  the  creation  of  the  Insecticide  and  Fungicide  Board  in 
1910,  studies  of  the  chemical  composition  and  adulteration  of 
insecticides,  germicides,  and  fungicides,  made  by  the  Bureau  of 
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Chemistry  for  several  years,  had  shown  that  many  of  these  products 
on  the  market  were  of  practically  no  value,  owing  to  the  fact  that 
they  contained  little  or  no  active  ingredients.  Other  insecticides 
which  contained  some  active  ingredients  were  adulterated  by  the 
addition  of  inert  substances  to  increase  their  bulk  to  such  an  extent 
that  they  were  of  no  value  whatever. 

As  a  result  of  the  data  obtained  by  these  investigations,  an 
insecticide  and  fungicide  law  was  enacted  April  26,  1910  (36  Stat. 
L.,  331),  which  prohibits  the  shipment  in  interstate  commerce  for 
sale  of  any  insecticide  or  fungicide  which  is  adulterated  or  mis¬ 
branded  in  any  way.  The  enactment  of  the  law,  which  became 
effective  January  1,  1911,  added  further  investigational  functions 
to  the  Bureau  of  Chemistry.  While  its  enforcement  was  entrusted 
to  an  Insecticide  and  Fungicide  Board,  a  representative  of  the 
Bureau  of  Chemistry  became  one  of  the  four  members  of  the 
Board,  and  the  insecticide  laboratory  of  the  Bureau  of  Chemistry 
did  a  large  part  of  the  analytical  work  on  the  samples  collected 
for  the  enforcement  of  the  law. 

An  act  of  October  1,  1918  (40  Stat.  L.,  973,  992),  made  appro¬ 
priation  for  the  first  time  “  for  the  investigation  and  develop¬ 
ment  of  methods  of  manufacturing  insecticides  and  fungicides,  and 
for  investigating  chemical  problems  relating  to  the  composition, 
actions  and  application  of  insecticides  and  fungicides.”  This  item 
has  been  repeated  in  each  subsequent  appropriation  act,  and  the 
work  authorized  therein  has  become  one  of  the  continuous  activities 
of  the  Bureau. 

The  Insecticide  and  Fungicide  Board  was  abolished  and  its  regu¬ 
latory  functions  were  transferred  to  the  Food,  Drug,  and  Insecticide 
Administration  on  July  1,  1927. 

Plant  Dust  Explosions  and  Farm  Fires.  Studies  were  begun  in 
1914  of  the  physical  and  chemical  properties  of  grain  and  cereal 
dust  which  occur  in  the  thrashing,  storing,  handling,  and  milling  of 
wheat  and  other  cereals,  in  order  to  determine  the  causes  of  ex¬ 
plosions  in  thrashers,  mills,  and  elevators,  and  to  secure  knowledge 
which  could  lead  to  the  prevention  of  such  explosions. 

On  March  3,  1921  (41  Stat.  L.,  1315,  1332),  provision  was  made 
in  an  appropriation  act  for  “  investigation  and  development  of 
methods  for  the  prevention  of  grain-dust,  smut-dust,  and  other 
plant-dust  explosions  and  resulting  fires,  including  fires  in  cotton 
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gins  and  cotton  oil  mills.”  This  item  has  been  repeated  in  each 
subsequent  appropriation  act.  In  carrying  on  this  work,  which  has 
been  continuous  since  1914,  the  Bureau  has  had  the  active  co¬ 
operation  of  the  Bureaus  of  Agricultural  Economics,  Plant  Indus¬ 
try,  and  Public  Roads  of  the  Department  of  Agriculture,  of  the 
Bureau  of  Mines  of  the  Department  of  Commerce,  of  the  Penn¬ 
sylvania  State  College,  and  of  grain  milling  companies  throughout 
the  country. 

World  War  Activities.  When  the  United  States  entered  the 
World  War  in  1917,  the  Bureau  of  Chemistry  assisted  other  depart¬ 
ments,  especially  the  military  and  naval  services,  in  preparing 
specifications  for  food  and  other  articles  needed  by  them,  and  in 
analyzing  and  investigating  such  products,  aided  the  War  Depart¬ 
ment  in  the  organization  of  its  chemical  research  work,  and  main¬ 
tained  intimate  touch  with  related  services  of  the  Food  Adminis¬ 
tration. 

For  the  Food  Administration,  the  Bureau  acted  in  a  consulting 
capacity,  furnishing  technical  information  concerning  trade  prac¬ 
tices  and  methods  of  manufacture,  and  it  made  a  number  of  special 
investigations  for  the  Food  Administration.  It  assisted  the  Food 
Administration’s  baking  division  and  organized  the  supervision  of 
commercial  bakeries  throughout  the  country,  working  through  state 
and  municipal  officers.  It  also  cooperated  with  the  Food  Adminis¬ 
tration  in  the  control  of  perishable  products,  the  fat  and  oil  supply, 
and  canned  goods,  the  latter  especially  with  a  view  to  the  conserva¬ 
tion  of  tin  plate. 

The  Bureau  assisted  the  War  Department  in  the  organization  of 
its  chemical  research  work ;  controlling  and  licensing  the  ammonia 
producing  and  the  fertilizer  industries ;  introducing  the  use  of  dis¬ 
tilled  vinegar  as  a  substitute  for  acetic  acid  in  the  manufacture  of 
Paris  green ;  and  cooperating  with  the  Quartermaster  General’s 
Office  in  the  inspection  and  purchase  of  the  vast  quantities  of  food 
supplies  and  drugs  needed  by  the  Army.  The  Bureau  cooperated 
with  Sanitary  Corps  of  the  Army  in  making  nutritional  surveys  at 
the  cantonments  for  the  elimination  of  waste  and  for  the  improve¬ 
ment  of  the  dietary  and  in  the  dehydration  of  fruits  and  vegetables. 
For  the  Surgeon-General  of  the  Army  the  Bureau  manufactured 
and  supplied  the  rare  sugars  which  were  required  for  the  use  of 
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the  bacteriologists  of  the  Medical  Corps.  It  assisted  the  War  De¬ 
partment  in  connection  with  gas  warfare  and  it  conducted  research 
investigations  on  the  antiseptic  qualities  of  some  important  com¬ 
pounds  for  the  benefit  of  the  Army  and  Navy  Medical  Corps. 

The  Bureau  of  Chemistry  supervised  much  of  the  chemical  re¬ 
search  and  development  work  of  the  Bureau  of  Aircraft  Produc¬ 
tion  and  furnished  chemical  information  to  the  War  Trade  Board 
and  the  War  Industries  Board. 

Cooperation  with  Other  Organisations.  Chemists  regard  the  first 
and  most  important  step  in  the  application  of  chemistry  to  agricul¬ 
ture  to  be  the  development'  of  methods  of  analysis,  and  this  devel¬ 
opment  became  one  of  the  early  activities  of  the  Bureau  in 
cooperation  with  the  Association  of  Official  Agricultural  Chemists. 
This  Association,  which  consists  of  chemists  connected  with  the 
Bureau  of  Chemistry  and  Soils  and  with  state  and  local  boards 
of  agriculture,  agricultural  colleges,  and  experiment  stations,  was 
organized  in  Philadelphia,  on  September  9,  1884.  It  resulted  from 
a  series  of  meetings  of  official  chemists,  who  were  originally 
brought  together  to  consider  uniform  official  methods  of  analysis  in 
fertilizer  control.  Its  activities  were  afterwards  extended  to  cattle 
foods,  dairy  products,  sugar,  distilled  liquors,  tannin,  and  other 
fields  of  agricultural  chemistry.  In  1897  the  Association  took  action 
leading  to  the  appointment  of  a  committee  to  consider  standards  of 
purity  of  the  foods  and  drinks  on  sale  in  the  United  States.  It  took 
an  active  part  in  the  education  of  public  sentiment  and  brought 
influence  to  bear  in  favor  of  the  enactment  of  federal  and  state 
pure  food  legislation  and  particularly  the  Food  and  Drugs  Act  of 
1906.  In  these  activities  there  was  much  close  cooperation  between 
this  Association  and  the  Bureau  of  Chemistry. 

On  January  7,  1902,  the  Chief  of  the  Bureau,  who  was  also 
Secretary  of  the  Association  of  Official  Agricultural  Chemists,  sub¬ 
mitted  a  report17  on  the  provisional  methods  for  the  analysis  of 
foods,  adopted  by  the  Association  of  Official  Agricultural  Chem¬ 
ists  on  November  14  to  16,  1901.  The  foods  for  which  methods 
for  analysis  were  outlined  were  arranged  and  considered  in  the 
following  groups :  meat  and  meat  products ;  edible  oils  and  fats ; 

17  Provisional  methods  for  the  analysis  of  foods  adopted  by  the  Association 
of  Agricultural  Chemists,  November  14-16,  1901.  Bureau  of  Chemistry, 
Bulletin  No.  65,  1902.  168  p. 
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dairy  products ;  cereal  products ;  infant  and  invalid  foods ;  saccha¬ 
rine  products ;  canned  vegetables ;  cocoa  and  its  preparations ;  tea 
and  coffee ;  spices,  vinegar ;  flavoring  extracts ;  fruits  and  fruit 
products ;  fermented  and  distilled  liquors ;  baking  powders  and 
baking  powder  chemicals ;  food  preservatives ;  and:  coloring  matter. 

On  October  12,  1895,  the  Chief  of  the  Chemical  Division  sub¬ 
mitted  to  the  Secretary  of  Agriculture,  for  his  approval,  reports 
containing  the  methods  of  analysis  adopted  by  this  association  at 
its  meeting  the  preceding  month  in  the  case  of  eight  groups  of 
products,  namely,  fertilizers,  foods,  dairy  products,  soils,  ashes, 
carbohydrates,  fermented  and  distilled  liquors,  and  tanning 
materials.18 

Other  subjects  have  been  considered  from  time  to  time  and  the 
methods  agreed  upon  have  become  for  the  time  the  official  methods 
for  the  whole  country,  being  employed  and  recognized  as  official 
by  both  government  and  trade  chemists  and  by  courts  of  justice. 

The  results  of  this  cooperative  work  are  contained  in  the  Pro¬ 
ceedings  of  the  association,  the  first  twenty-nine  volumes  of  which 
were  published  as  bulletins  of  the  Division  and  Bureau  of  Chem¬ 
istry  and  in  numerous  bulletins  upon  methods  of  analysis.  The 
contacts  between  the  chemists  of  the  Department  of  Agriculture 
and  the  various  state  and  local  institutions  secured  by  the  meetings 
of  the  association  have  been  of  the  greatest  value  in  promoting  the 
advancement  of  agricultural  chemistry. 

As  a  result  of  the  systematic  study  of  methods  of  investigation 
of  soils,  fertilizers,  and  agricultural  products  by  the  Association  of 
Official  Agricultural  Chemists  in  cooperation  with  the  Division  of 
Chemistry  and  other  units  of  the  Department  of  Agriculture,  the 
agricultural  interests  of  United  States  have  now  uniform  methods 
of  analysis,  everywhere  employed  and  recognized  as  official  by  both 
trade  chemists  and  the  courts  of  justice. 

Specific  provision  for  the  establishment  of  standards  of  purity 
of  food  products  was  made  for  the  first  time  in  an  act  of  June  3, 
1902  (32  Stat.  L.,  286,  296),  and  repeated  in  three  subsequent 
annual  appropriation  acts.  It  authorized  the  Secretary  of  Agricul- 

18  Methods  of  analysis  adopted  by  the  Association  of  Official  Agricultural 
Chemists,  September  5,  6,  and  7,  1895.  Department  of  Agriculture,  Division 
of  Chemistry,  Bulletin  No.  46. 
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ture  “  in  collaboration  with  the  Association  of  Official  Agricultural 
Chemists,  and  such  other  experts  as  he  may  deem  necessary,  to 
establish  standards  of  purity  for  food  products  and  to  determine 
what  are  regarded  as  adulterations  therein,  for  the  guidance  of  the 
officials  of  the  various  States  and  of  the  courts  of  justice.”  In 
carrying  out  this  work,  the  Interstate  Food  Commission  also  coop¬ 
erated.  As  standards  were  fixed  from  time  to  time,  they  were 
proclaimed  and  published  in  circulars  of  the  Department  of  Agri¬ 
culture  and  in  bulletins  of  the  Bureau  of  Chemistry.  It  was  intended 
to  extend  this  work  until  all  the  substances  in  this  country  such  as 
food,  beverages,  and  condiments  would  have  a  fixed  standard  of 
purity  to  which  all  manufacturers  of  such  products  might  attain 
by  their  proper  care  and  preparation.  After  the  fiscal  year  1906, 
the  item  for  standards  of  purity  in  the  appropriation  acts  was  dis¬ 
continued  and  this  activity  ceased  as  a  joint  function  of  these 
organizations. 

While  the  Chemical  Unit  since  its  beginning  has  rendered  ser¬ 
vices  in  the  chemical  line  from  time  to  time  to  other  government 
units  when  requested,  Congress  for  the  first  time  specifically  au¬ 
thorized  such  cooperation  in  an  act  of  March  2,  1901  (31  Stat.  L., 
922,  930),  which  made  provision  for  the  Bureau  of  Chemistry  “  to 
continue  the  collaboration  with  other  bureaus  and  divisions  of  the 
Department  desiring  chemical  investigations  and  to  collaborate 
with  other  departments  of  the  Government,  whose  heads  request 
the  Secretary  of  Agriculture  for  such  assistance”  This  provision 
has  been  repeated  in  subsequent  appropriation  acts. 

By  an  arrangement  with  the  Secretary  of  the  Treasury  the  Chief 
of  the  Bureau  of  Chemistry  in  the  fiscal  year  1901  was  designated 
as  supervisor  of  sugar  tests  in  the  laboratories  of  the  appraisers  at 
the  ports  of  New  York,  Philadelphia,  and  Boston,  the  object  being 
to  secure  the  highest  possible  accuracy  in  scientifically  ascertaining 
the  amount  of  duty  to  be  levied.  Sugar  tests  were  made  on  samples 
received  from  the  appraisers  laboratories.  This  work  was  trans¬ 
ferred  to  the  Bureau  of  Standards  of  the  Department  of  Com¬ 
merce  and  Labor  on  December  31,  1904. 

The  Bureau,  in  1904,  made  an  elaborate  study  of  insecticides  in 
use  in  the  United  States,  in  collaboration  with  the  Bureau  of  Ento¬ 
mology,  which  demonstrated  that  many  of  the  insecticides  offered 
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to  farmers  are  of  little  value  and  that  farmers  are  frequently  over¬ 
charged. 

In  cooperation  with  the  Office  of  Cereal  Investigations  of  the 
Bureau  of  Plant  Industry  the  Bureau  of  Chemistry  began,  in  1904, 
a  study  of  the  influence  of  environmental  factors  on  the  composi¬ 
tion  of  crops. 

In  cooperation  with  the  Bureau  of  Forestry  a  chemical  study  of 
forest  products  in  all  their  economical  relations  was  carried  on  in 
the  Dendro-Chemical  Laboratory. 

The  Bureau  of  Chemistry  made  examinations  of  many  samples, 
submitted  by  the  Postmaster  General,  of  substances  sent  through 
the  mails  to  determine  whether  they  are  poisonous,  combustible,  or 
otherwise  dangerous  to  other  wares,  such  packages  being  prohibited 
by  law. 

The  Bureau  cooperated  with  the  Bureau  of  Animal  Industry  in 
connection  with  the  enforcement  of  the  act  relating  to  renovated 
butter,  examinations  having  been  made  of  samples  submitted  for 
the  purpose  of  ascertaining  whether  they  complied  with  the  require¬ 
ments  of  law. 

On  July  1,  1903,  a  contracts  laboratory  was  organized  in  the 
Bureau  of  Chemistry  for  the  purpose  of  applying  chemical  and 
physical  tests  to  supplies  furnished  by  contractors  to  this  and  other 
government  departments.  As  a  result  of  the  Bureau’s  activities 
large  quantities  of  inferior  goods  have  been  rejected  and  the  con¬ 
tractors  were  required  to  furnished  others  of  standard  quality.  The 
Bureau  has  thus  been  testing  large  quantities  of  supplies  for  the 
Isthmian  Canal  Commission,  the  Post  Office  Department,  and  the 
Government  Printing  Office,  and  in  smaller  quantities  for  other 
government  departments. 

Regulatory  Activities  of  the  Bureau  of  Chemistry.  The  fed¬ 
eral  regulation  of  commerce  in  food  and  drugs  received  attention 
early  in  the  history  of  this  country.  Investigations  carried  on  by 
chemists  almost  since  the  beginning  of  the  researches  in  agricultural 
chemistry  have  demonstrated  the  need  for  such  regulation. 

Early  Regulatory  Legislation.  The  prevention  of  imports  of 
adulterated  and  spurious  drugs  and  medicines  received  the  attention 
of  Congress  early  in  the  history  of  our  country.  On  June  16,  1848, 
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a  law  was  enacted  (9  Stat.  L.,  237),  providing  that  “all  drugs, 
medicines,  medicinal  preparations  including  medicinal  essential  oils, 
and  chemical  preparations  used  wholly  or  in  part  as  medicine,  im¬ 
ported  into  the  United  States  from  abroad,  shall,  before  passing 
the  custom-house,  be  examined  and  appraised,  as  well  in  reference 
to  their  quality,  purity,  and  fitness  for  medical  purposes,  as  to  their 
value  and  identity  specified  in  the  invoice.”  It  prohibited  the  im¬ 
portation  of  such  drugs,  medicines,  and  medicinal  preparations  as 
were  found  to  be  adulterated  or  deteriorated,  and  authorized  the 
Secretary  of  the  Treasury  to  appoint  special  examiners  of  drugs, 
medicines,  etc.  This  act,  came  under  the  jurisdiction  of  the  Secre¬ 
tary  of  the  Treasury,  and  is  still  in  force.  According  to  an  opinion 
of  the  Attorney-General 19  this  act  and  the  Food  and  Drugs  Act  of 
June  30,  1906,  “  are  generally  speaking,  cumulative  and  should 
both  be  given  effect,  and  an  importation  of  drugs  should  not  be 
admitted  if  it  fails  to  conform  to  the  standard  established  by  the 
former  or  to  the  tests  imposed  under  the  latter.” 

On  March  3,  1883,  an  act  was  approved  (22  Stat.  L.,  451) 
designed  “  to  prevent  the  importation  of  adulterated  and  spurious 
teas.”  This  was  superseded  by  an  act  approved  March  2,  1897  (29 
Stat.  L.,  604),  entitled  “An  act  to  prevent  the  importation  of  im¬ 
pure  and  unwholesome  tea.”  The  object  of  these  acts  was  to  control 
the  quality,  the  purity,  and  the  correct  labeling  of  imported  tea. 
The  enforcement  of  both  acts  was  entrusted  to  the  Secretary  of  the 
Treasury,  but  an  amendment  to  the  act  of  1897  approved  May  31, 
1920  (41  Stat.  L.,  712),  transferred  the  duty  of  enforcement  to 
the  Secretary  of  Agriculture,  and  it  became  one  of  the  functions 
of  the  Bureau  of  Chemistry  until  June  30,  1927,  after  which  its 
enforcement  came  under  the  jurisdiction  of  the  Food,  Drug,  and 
Insecticide  Administration. 

Before  the  enactment  of  the  Tea  Inspection  acts  the  United 
States  was  regarded  as  the  dumping  ground  for  the  refuse  teas  of 
the  commercial  world.  Under  the  beneficent  system  of  inspection 
brought  about  by  these  acts,  it  has  become  almost  impossible  for 
spurious  or  adulterated  teas  to  find  their  way  into  this  country. 

An  act  was  approved  August  30,  1890  (26  Stat.  L.,  415),  “  pro¬ 
viding  for  an  inspection  of  meats  for  exportation,  prohibiting  the 
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importation  of  adulterated  articles  of  food  or  drink,  and  author¬ 
izing  the  President  to  make  proclamation  in  certain  cases.”  It 
authorized  the  Secretary  of  Agriculture  to  cause  inspection  to  be 
made  of  salted  pork  and  bacon  intended  for  exportation  to  foreign 
countries  which  require  inspection  of  the  importations  of  such 
products  to  be  made ;  made  it  unlawful  “  to  import  any  adulterated 
or  unwholesome  food  or  drug  or  any  vinous,  spirituous,  or  malt 
liquors,  adulterated  or  mixed  with  any  poisonous  or  noxious 
chemical,  drug,  or  other  ingredient  injurious  to  health  ” ;  and  pro¬ 
vided  that  “  whenever  the  President  is  satisfied  that  there  is  good 
reason  to  believe  that  any  importation  is  being  made,  or  is  about  to 
be  made,  into  the  United  States,  from  any  foreign  country  of  any 
article  used  for  human  food  or  drink  that  is  adulterated  to  an 
extent  dangerous  to  the  health  or  welfare  of  the  people  of  the 
United  States,  or  any  of  them,  he  may  issue  his  proclamation 
suspending  the  importation  of  such  articles  from  such  country  for 
such  period  of  time  as  he  may  think  necessary  to  prevent  such  im¬ 
portation.”  The  act  makes  it  unlawful  to  import  into  the  United 
States  any  articles,  the  importation  of  which  is  so  suspended. 

Other  provisions  of  the  act  authorize  the  President  to  exclude 
by  proclamation,  certain  imports  from  foreign  states  which  are 
unjustly  discriminating  against  American  products ;  prohibit  the 
importation  of  diseased  or  infected  livestock ;  authorize  the  Secre¬ 
tary  to  retain  imported  livestock  in  quarantine ;  and  provide  penal¬ 
ties  for  violations  of  the  act.  The  enforcement  of  this  act  was 
entrusted  to  the  Secretary  of  Agriculture,  and  much  of  the  work 
devolved  upon  the  Chemical  Division. 

An  examination  of  imported  foods  was  begun  in  189S  and 
brought  to  a  close  in  1902.  A  report  of  this  examination  was  sub¬ 
mitted  to  the  Secretary  of  Agriculture,  and  by  him,  to  the 
President. 

On  June  6,  1896,  an  act  (29  Stat.  L.,  253)  was  approved  “  De¬ 
fining  cheese,  and  also  imposing  a  tax  upon  and  regulating  the 
manufacture,  sale,  importation,  and  exportation  of  filled  cheese.” 
The  purpose  of  this  measure  was  to  discourage  the  manufacture 
and  sale  of  “  filled  ”  or  imitation  cheese.  The  enforcement  of  this 
act,  like  that  relating  to  oleomargarine,  was  entrusted  to  the  Com¬ 
missioner  of  Internal  Revenue  of  the  Treasury  Department. 
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Another  provision  concerning  inspection  of  food  imports  ap¬ 
peared  for  the  first  time  in  the  act  of  March  i,  1899  (30  Stat.  L., 
94 7,  951),  as  follows :  “  the  Secretary  of  Agriculture,  whenever  he 
has  reason  to  believe  that  articles  are  being  imported  from  foreign 
countries  which  are  dangerous  to  the  health  of  the  people  of  the 
United  States,  shall  make  a  request  upon  the  Secretary  of  the 
Treasury  for  samples  from  original  packages  of  such  articles  for 
inspection  and  analysis,  and  the  Secretary  of  the  Treasury  is  hereby 
authorized  to  open  such  original  packages,  and  deliver  specimens  to 
the  Secretary  of  Agriculture  for  the  purpose  mentioned,  giving- 
notice  to  the  owner  or  consignee  of  such  articles  who  may  be 
present  and  have  the  right  to  introduce  testimony ;  and  the  Secre¬ 
tary  of  the  Treasury  shall  refuse  delivery  to  the  consignee  of  any 
goods  which  the  Secretary  of  Agriculture  reports  to  him  have  been 
inspected  and  analyzed  and  found  to  be  dangerous  to  health.’' 

In  addition  to  the  above  provisions  concerning  the  inspection  of 
imported  foods  and  foods  intended  for  export,  an  act  of  May  25, 
I9°o  (31  Stat.  L.,  191,  196),  authorized  the  Secretary  of  Agricul¬ 
ture  “  to  investigate  the  character  of  the  chemical  and  physical 
tests  which  are  applied  to  American  food  products  in  foreign 
countries  and  to  inspect  before  shipment,  when  desired  by  the 
shippers  or  owners  of  these  food  products,  American  food 
products  intended  for  countries  where  chemical  and  physical  tests 
are  required  before  said  food  products  are  allowed  to  be  sold  in 
the  countries  mentioned.”  A  subsequent  act  required  the  Secre¬ 
tary  of  Agriculture  to  make  a  charge  for  this  service  whenever 
rendered. 

An  appropriation  act  of  March  3,  1903  (32  Stat.  L.,  1147, 
1158),  repeating  the  provisions  in  preceding  appropriation  acts 
concerning  the  inspection  of  imported  food,  provided  also  for  the 
exclusion  of  articles  “  which  are  forbidden  to  be  sold  or  restricted 
in  sale  in  the  countries  in  which  they  are  made  or  from  which  they 
are  exported,  or  which  shall  be  falsely  labeled  in  any  respect  in 
regard  to  the  place  of  manufacture  or  the  content  of  the  package.” 

This  new  provision  went  into  effect  July  1,  1903.  Immediately 
following  the  enactment  of  the  law  on  March  3,  1903,  preliminary 
arrangements  were  made  by  the  Secretary  of  Agriculture  with  the 
Secretary  of  the  Treasury  and  the  Secretary  of  State  by  which 
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their  active  cooperation  was  effected.  The  Secretary  of  State  issued 
directions  to  the  United  States  consuls  abroad  that  special  declara¬ 
tions  concerning  imported  foods  should  be  made  and  forwarded  to 
the  Secretary  of  Agriculture.  Through  the  Treasury  Department 
the  collectors  of  customs  at  the  leading  ports  of  the  United  States 
were  instructed  as  to  the  steps  necessary  to  be  taken  in  sampling 
such  cargoes  as  might  be  detained  for  examination,  and  the  reship¬ 
ment  or  destruction  of  such  shipments  as  might,  upon  analysis,  be 
excluded  from  the  country  under  the  terms  of  the  act. 

While  thus,  at  this  earlier  period,  Congress  failed  to  authorize 
the  Department  of  Agriculture  or  any  other  national  governmental 
authority  to  protect  the  people  from  domestic,  food  adulteration,  it 
did  require  the  Department  of  Agriculture  and  the  Treasury  De¬ 
partment  to  give  a  certain  measure  of  such  protection  in  the  case  of 
imported  food  and  drug  products. 

In  accordance  with  the  acts  relating  to  imports  and  exports  of 
food  products,  the  Chemical  Division  devoted  much  attention  to 
the  examination  of  food  products  imported  into  this  country  which 
were  suspected  of  containing  injurious  constituents. 

In  addition  to  the  regulatory  laws  relating  to  imports  and  exports 
of  foods  and  drugs,  some  legislation  was  enacted  concerning  foods 
of  domestic  production  and  in  domestic  commerce,  before  the  pas¬ 
sage  of  the  Food  and  Drugs  Act  of  1906. 

On  August  2,  1886,  a  law  was  enacted  (24  Stat.  L.,  209)  which 
imposes  a  tax  upon  and  regulates  the  manufacture,  sale,  importa¬ 
tion,  and  exportation  of  oleomargarine.  This  law  is  enforced  by 
the  Commissioner  of  Internal  Revenue  in  the  Treasury  Depart¬ 
ment. 

An  act  of  July  1,  1902  (32  Stat.  L.,  632),  prohibits  the  false 
branding  or  marking  of  food  and  dairy  products  in  the  District  of 
Columbia,  the  territories,  and  in  interstate  commerce,  as  to  the 
states  or  territories  in  which  they  are  made  or  produced,  defines 
violation  as  a  misdemeanor  and  provides  a  penalty  for  violation. 

On  June  30,  1906,  a  meat  inspection  law  was  enacted  the  pro¬ 
visions  of  which  are  enforced  by  the  Bureau  of  Animal  Industry 
of  the  Department  of  Agriculture. 

Food  and  Drugs  Act  of  June  go,  ipo6.  The  first  federal  legisla¬ 
tive  effort  in  the  direction  of  such  food  and  drug  regulation  as  was 
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finally  achieved  in  the  enactment  of  the  Food  and  Drugs  Act  of 
June  30,  1906,  was  made  by  the  introduction  of  a  bill  in  the  House 
of  Representatives  on  January  20,  1879,  by  Hendrick  B.  Wright 
of  Pennsylvania  to  prevent  the  adulteration  of  articles  of  food  and 
drink.  The  bill  was  referred  to  the  Committee  on  Manufactures 
where  it  died.  At  this  time  little  attention  was  given  to  the  subject 
of  food  adulteration,  and  only  a  few  states  had  enacted  regulatory 
legislation  on  the  subject. 

In  the  next,  or  Forty-sixth,  Congress  (March  18,  1879,  to  March 
3,  1881),  four  bills  relating  to  food  and  drug  adulteration  were 
introduced  in  the  ITouse  of  Representatives,  also  three  relating  to 
oleomargarine,  and  one  relating  to  glucose  or  grape  sugar.  None 
of  these  bills  was  advanced  beyond  the  committee  stage.  After  this 
beginning,  each  succeeding  Congress  experienced  an  increasing 
shower  of  bills  on  this  subject,  few  of  which  advanced  beyond  their 
passage  by  the  house  of'  origin,  and  reference  to  committee  by  the 
other,  until  the  time  of  the  final  enactments. 

On  December  31,  1898,  Senator  William  E.  Mason  of  Illinois 
submitted  the  following  resolution  in  the  Senate  (S.  Res.  447,  55th 
Cong. )  which  was  agreed  to  : 

Whereas  it  has  been  for  years  publicly  charged  that  in  the  manu¬ 
facture  of  articles  of  food  and  drink  many  manufacturers  of  the 
United  States  who  transport  their  goods  from  one  State  to  another 
do  most  grossly  adulterate  such  products,  to  the  serious  detriment 
of  the  public  health  and  to  the  defrauding  of  purchasers,  There¬ 
fore,  Resolved,  That  the  Committee  on  Manufactures  of  the 
Senate  is  hereby  authorized  and  directed  to  investigate  and  ascer¬ 
tain  what,  if  any,  manufacturers  are  adulterating  food  and  drink 
products,  and  which,  if  any,  of  said  products  are  deleterious  to 
public  health,  and  which,  if  any,  of  said  products  are  frauds  upon 
the  purchasers. 

The  Senate  Committee  on  Manufactures  conducted  hearings 
from  March  7,  1899,  to  January  20,  1900,  in  Washington,  Chicago, 
and  New  York  City,  at  which  the  testimony  of  manufacturers  and 
scientists  was  taken  concerning  the  character  and  extent  of  food 
adulteration  in  commercial  practice  in  the  United  States.  As  the 
Chemical  Division  had  been  pursuing  such  investigations  for  over 
fifteen  years  and  had  trained  a  large  corps  of  chemists  to  be  experts 
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in  such  matters,  much  assistance  was  rendered  to  the  Senate  Com¬ 
mittee  by  the  personnel  of  the  Division.  At  the  request  of  the 
Senate  Committee,  the  Secretary  of  Agriculture  detailed  Dr.  Wiley 
as  a  scientific  expert  to  advise  the  committee  in  these  investigations. 
In  addition  to  the  testimony  taken  at  the  meetings,  many  affidavits 
and  other  communications  were  received  from  manufacturers  and 
scientists,  and  tests  were  made  by  the  Chemical  Division  of  several 
hundred  samples  of  food  products  most  subject  to  adulteration, 
which  the  chairman  of  the  committee  purchased  in  the  open  market. 

The  committee  submitted  its  report  to  the  Senate  on  February 
28,  1900.20  In  this  report  it  stated  that:  “  The  adulteration^  of  pre¬ 
pared  or  manufactured  foods  is  very  extensively  practiced  and  in 
many  cases  to  the  great  discredit  of  our  manufacturers.”  It  an¬ 
nounced  the  purpose  of  the  committee  to  recommend  the  adoption 
of  the  uniform  rule:  “  To  prohibit  the  sale  of  deleterious  and  un¬ 
healthy  food  products,  and  as  to  those  food  products  which  are 
simply  cheapened  by  adulterants,  to  compel  the  marking  of  those 
foods  for  what  they  are.” 

The  committee  presented  two  alternative  plans  that  were  sug¬ 
gested  for  the  regulation  of  food  products :  “  First,  to  put  the 
important  food  products  under  the  internal  revenue  law,”  as  was 
done  in  the  case  of  butter,  filled  cheese,  and  flour ;  and  the  other 
plan  was  to  place  the  administration  of  an  act  to  prevent  the  manu¬ 
facture  of  adulterated  foods  in  the  Department  of  Agriculture. 
The  latter  plan  was  embodied  in  a  bill  introduced  in  the  Senate 
(S.  2426,  56th  Cong.  1st  Sess.)  by  the  Chairman  of  the  Committee, 
on  January  15,  1900.  The  Fifty-sixth  Congress,  which  came  to  a 
close  March  2,  1901,  took  no  legislative  action  concerning  this 
recommendation. 

In  the  meantime,  the  efforts  for  the  enactment  of  a  general  pure 
food  and  drug  act  continued  unabated.  In  the  Fifty-seventh  Con¬ 
gress  (March  4,  1901,  to  March  4,  1903)  six  bills  were  introduced 
in  the  Senate  and  eight  in  the  House  of  Representatives,  for  the 
prevention  of  the  adulteration  or  misbranding  of  foods,  drugs,  and 
drinks,  and  their  transportation  in  interstate  commerce,  some  of 
them  providing  for  the  establishment  of  a  unit  in  the  Department 
of  Agriculture  for  the  regulation  of  food  and  drug  manufacture 
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and  interstate  transportation.  In  the  Fifty-eighth  Congress  (March 
4,  1903,  to  March  4,  1905)  one  Senate  bill  and  three  House  bills 
were  introduced,  and  in  the  Fifty-ninth  Congress  (March  4,  1905, 
to  March  4,  1907)  four  Senate  bills  and  eight  House  bills  of  this 
character.  Hearings  were  held  before  committees  of  Congress,  and 
many  memorials  and  petitions  were  received  by  Congress  from 
state  legislatures,  and  private  organizations  and  individuals  in  all 
parts  of  the  country,  nearly  all  of  which  urged  the  enactment  of 
such  legislation. 

While  nearly  all  of  the  larger,  well  established,  concerns  manu¬ 
facturing  foods,  drugs,  and  drinks  favored  such  regulatory  legisla¬ 
tion,  there  was  some  opposition  on  the  part  of  others,  and  much 
pressure  was  brought  by  the  latter  against  the  enactment  of  a  pure 
food  and  drug  law.  Few  manufacturers  dared  to  oppose  openly 
the  provisions  for  the  prevention  of  fraud  in  the  preparation  of 
food  and  drugs,  but  there  were  many  who  strongly  and  persistently 
opposed  any  provisions  for  curbing  the  use  of  preservatives  and 
coloring  matter  in  foods,  and  these  manufacturers  opposed  the  pro¬ 
posed  food  measures  on  that  account.  The  opponents  of  the  pro¬ 
posed  pure  food  legislation  used  every  means  in  their  power  to 
take  the  execution  of  the  law  if  enacted  away  from  the  Bureau  of 
Chemistry,  and  place  it  in  the  hands  of  a  special  commission  to 
be  appointed  by  the  President  and  confirmed  by  the  Senate.  In 
this  effort  they  failed. 

On  June  30,  1906,  the  Food  and  Drugs  Act  (34  Stat.  L.,  768), 
which  had  been  drawn  up  by  Dr.  Wiley  and  introduced  by  Senator 
W.  B.  Heyburn,  of  Idaho,  was  approved.  It  provided:  “For 
preventing  the  manufacture,  sale,  or  transportation  of  adulterated 
or  misbranded  or  poisonous  or  deleterious  foods,  drugs,  medicines, 
and  liquors,  and  for  regulating  traffic  therein.” 

The  Food  and  Drugs  Act  became  effective  on  January  1,  1907. 
It  committed  the  execution  of  the  law  to  the  Bureau  of  Chemistry, 
and  defined  in  specific  terms  the  duties  of  the  Bureau  and  of  the 
Secretary  of  Agriculture  with  regard  to  its  enforcement.  It  re¬ 
quired  the  Bureau  of  Chemistry  to  examine  all  samples  of  foods 
and  drugs  for  the  purpose  of  determining  whether  they  were  adul¬ 
terated  or  misbranded.  The  Secretary  of  Agriculture  was  required 
to  grant  hearings  to  parties  accused  of  adulterating  or  misbranding 
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in  order  to  determine  whether  the  methods  of  the  Bureau  were  in 
error.  The  findings  of  the  Bureau  were  to  be  transmitted  to  the 
Department  of  Justice  for  judicial  action. 

The  Food  and  Drugs  Act  is  intended  to  be  an  economic  as  well 
as  a  public  health  measure.  As  an  economic  measure  it  protects  the 
honest  producer  from  unfair  competition,  and  insures  to  the  con¬ 
sumer  a  product  that  meets  the  statement  on  its  label.  As  a  health 
measure  it  prohibits  added  poisons  or  deleterious  ingredients  in  the 
case  of  domestic  foods,  and  authorizes  the  exclusion  from  importa¬ 
tion  of  foods  that  may  be  dangerous  to  the  health  of  the  people 
of  the  United  States. 

The  act  applies  to  interstate  and  foreign  commerce  in  all  foods 
and  drugs  and  to  imported  food  and  drug  products.  The  Food  and 
Drugs  Act  requires  the  Secretary  of  the  Treasury,  the  Secretary  of 
Agriculture,  and  the  Secretary  of  Commerce  to  make  uniform  rules 
and  regulations  for  carrying  out  its  provisions.  After  its  enact¬ 
ment  and  before  it  became  effective,  a  committee  was  appointed 
by  the  three  secretaries  to  draw  up  a  set  of  tentative  regulations  for 
carrying  out  its  provisions.  This  committee  consisted  of  the  Chief 
of  the  Bureau  of  Chemistry  representing  the  Secretary  of  Agri¬ 
culture,  the  Director  of  the  Census  representing  the  Secretary  of 
Commerce  and  Labor,  and  the  Chief  of  the  Division  of  Customs 
representing  the  Secretary  of  the  Treasury.  These  regulations  were 
completed,  signed,  and  promulgated  on  October  17,  1906,  as  Circu¬ 
lar  21  of  the  Office  of  the  Secretary  of  Agriculture. 

In  preparing  these  regulations  the  committee  took  care  to  avoid 
imposing  unnecessary  annoyances  or  burdens  upon  the  industries 
affected  while  keeping  in  mind  at  the  same  time  the  full  execution 
of  the  provisions  of  the  law.  It  was,  therefore,  deemed  advisable, 
before  promulgating  these  regulations,  to  hold  public  hearings  in 
order  to  obtain  the  opinions  of  manufacturers  and  dealers  con¬ 
cerning  the  proposed  regulations.  It  was  found  at  these  hearings 
held  in  September,  1906,  in  New  York  and  in  subsequent  contacts 
with  manufacturers  and  dealers  that  they  almost  unanimously 
favored  the  Food  and  Drugs  Act,  and  they  offered  their  hearty 
cooperation  in  bringing  about  its  execution. 

On  April  25,  1907,  the  Secretary,  of  Agriculture,  by  Order  No. 
hi,  created  the  Board  of  Food  and  Drug  Inspection,  the  duties 
of  which  were  “  to  consider  all  questions  arising  in  the  enforce- 
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ment  of  the  Food  and  Drugs  Act  of  June  30,  1906,  upon  which  the 
decision  of  the  Secretary  of  Agriculture  is  necessary;  to  consider 
and  supervise  all  correspondence  involving  interpretations  of  the 
law  and  questions  arising  under  the  law,  and  to  conduct  hearings 
based  upon  alleged  violations  of  the  Food  and  Drugs  Act  of  June 
30,  1906.”  The  Bureau  of  Chemistry  was  charged,  under  the  act, 
“  to  perform  whatever  analytical  work  may  be  required  for  the 
information  of  the  board  which  reports  directly  to  the  Secretary.” 
The  decisions  of  this  Board  were  published  in  the  form  of  leaflets 
and  widely  distributed  to  manufacturers,  dealers,  and  importers. 

The  organization  effected  for  the  enforcement  of  the  act  in¬ 
cluded  :  Inspectors  to  procure  samples  for  analysis  and  information 
regarding  the  manufacture  and  sale  of  food  and  drugs ;  chemists, 
pharmacologists,  bacteriologists,  and  microscopists  to  analyze 
samples  and  make  scientific  investigations  of  problems  relating  to 
the  composition  and  adulteration  of  food  and  drugs ;  the  Board  of 
Food  and  Drug  Inspection,  to  consider  all  questions  arising  in  the 
enforcement  of  the  Food  and  Drugs  Act  upon  which  the  decision 
of  the  Secretary  of  Agriculture  is  necessary,  to  consider  corre¬ 
spondence  involving  interpretations  of  the  law  and  questions  arising 
under  the  law,  and  to  conduct  hearings  based  upon  alleged  viola¬ 
tions  of  the  Food  and  Drugs  Act. 

The  enforcement  of  the  law  proceeded  along  two  lines :  First, 
products  imported  into  the  United  States  from  foreign  countries ; 
and  second,  products  manufactured  or  sold  in  the  District  of 
Columbia  or  the  territories,  introduced  into  interstate  commerce, 
or  exported  from  the  United  States. 

During  the  first  six  months  following  the  date  when  the  law 
became  effective,  the  work  incident  to  the  enforcement  of  the  inter¬ 
state  feature  of  the  law  was  in  process  of  organization,  and  no  ac¬ 
tual  prosecutions  were  instituted.  In  fact,  the  official  collection  of 
samples  of  domestic  products  as  the  basis  of  prosecutions  under 
the  act  did  not  begin  until  August  1,  1907. 

As  the  machinery  for  the  inspection  and  analysis  of  imported 
food  had  been  well  organized  under  the  previous  laws,  a  much  more 
rigid  execution  of  the  law  relating  to  imported  foods  was  carried 
out  during  this  period.  The  only  change  concerning  imported  foods 
made  was  to  place  the  execution  of  the  law,  which  has  been  pre- 
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viously  done  under  a  clause  in  an  appropriation  act,  directly  under 
the  Food  and  Drugs  Act  of  June  30,  1906. 

Food  and  drug  inspection  laboratories  had  been  installed  before 
the  passage  of  the  Food  and  Drugs  Act  at  New  York,  Boston, 
Philadelphia,  Chicago,  New  Orleans,  and  San  Francisco.  Labora¬ 
tories  at  Galveston,  Honolulu,  St.  Paul,  Detroit,  Savannah,  Seattle, 
Buffalo,  Kansas  City  (Missouri),  Denver,  Portland,  (Oregon), 
and  Cincinnati  were  established  during  the  first  year  of  its  enforce¬ 
ment.  Others  were  subsequently  established  as  the  work  required. 
These  laboratories  examined  the  imported  samples  taken  at  the 
ports  of  entry  and  the  interstate  samples  sent  in  by  inspectors, 
referring  violations  of  the  law  and  doubtful  cases  to  the  Washing¬ 
ton  office  for  action,  and  releasing  those  found  to  be  according 
to  law. 

During  the  first  fiscal  year,  there  were  appointed  from  the  Civil 
Service  lists,  twenty-eight  food  and  drug  inspectors,  who  after 
receiving  instruction  in  Washington  concerning  the  policy  to  be 
pursued  in  the  enforcement  of  the  Food  and  Drugs  Act  and  the 
practical  details  of  inspection  and  sampling  were  assigned  to  their 
respective  territories.  In  making  these  assignments  consideration 
was  given  to  the  location  of  branch  food  and  drug  inspection  lab¬ 
oratories  and  the  strategic  positions  offered  by  channels  of  inter¬ 
state  commerce. 

On  July  1,  1907,  a  Food  Inspection  Laboratory  was  established 
in  the  Division  of  Foods  of  the  Bureau  of  Chemistry,  the  special 
function  of  which  was  the  checking  of  the  analytical  work  of  the 
branch  food  inspection  laboratories,  both  as  to  methods  and  as  to 
results  of  analyses.  It  also  performed  the  functions  of  a  branch 
laboratory  for  samples  taken  in  the  vicinity  of  Washington. 

The  year  ending  June  30,  1908,  was  the  first  complete  fiscal  year 
of  the  enforcement  of  the  Food  and  Drugs  Act.  During  this  year 
the  number  of  inspectors  was  increased  from  twenty-eight  to 
thirty-nine  and  the  number  of  laboratories  was  increased  from 
fifteen  to  twenty-one.  Approximately  13,400  samples  were  col¬ 
lected  and  distributed  among  the  branch  laboratories  and  the 
Bureau  in  Washington.  Of  the  samples  analyzed  and  found  to 
be  adulterated  814  were  found  to  be  collected  under  such  condi¬ 
tions  that  prosecutions  could  be  brought.  In  addition,  the  inspec- 
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tors,  during  the  year,  collected  data  necessary  to  institute  proceed¬ 
ings  for  the  seizure  of  eighty-six  shipments  for  confiscation. 
Special  investigations  were  also  carried  on  in  factories  by  inspectors 
in  cooperation  with  the  chemists  of  the  branch  laboratories.  Every 
division  and  laboratory  of  the  Bureau  of  Chemistry  felt  the  effects 
of  the  new  and  varied  demands  made  on  the  personnel  on  account 
of  the  enforcement  of  the  Food  and  Drugs  Act. 

Commenting  upon  the  enforcement  of  the  Food  and  Drugs  Act 
during  this  first  complete  fiscal  year,  the  Chemist  of  the  Bureau 
said : 21  “  The  moral  effect  produced  by  the  fact  that  an  inspector 
of  the  Department  of  Agriculture  is  likely  at  any  time  to  come  into 
the  factory  has  been  wholly  good.  A  large  number  of  prominent 
manufacturers  during  the  year  entirely  abandoned  the  use  of  any 
kind  of  preservatives  and  openly  announced  their  adhesion  to  the 
doctrine  that  drugs  should  not  be  placed  in  foods.” 

In  the  course  of  the  enforcement  of  the  Food  and  Drugs  Act 
conditions  were  disclosed  by  inspection,  or  questions  were  raised 
in  the  administration  of  the  law,  which  made  it  necessary  for  the 
Bureau  to  make  official  studies  of  certain  classes  of  foods  and 
drugs  in  order  to  determine  the  condition  of  the  output  as  a  whole, 
fix  upon  reasonable  limits  of  composition  and  sanitation  within 
which  the  products  should  fall,  and  when  possible  assist  the  pro¬ 
ducer  by  the  scientific  study  of  the  problem  under  commercial  con¬ 
ditions,  in  meeting  the  new  requirements  and  improving  the  ma¬ 
terial  in  question.  These  studies  became  one  of  the  important 
groups  of  activities  of  the  Bureau. 

In  January,  1908,  the  Drug  Laboratory  was  reorganized  as  the 
Division  of  Drugs.  The  investigations  of  this  Division  concerned 
chiefly  the  composition,  purity,  adulteration,  and  misbranding  of 
drugs  and  chemicals  as  found  on  the  American  markets  and  shipped 
in  interstate  commerce  in  violation  of  the  Food  and  Drugs  Act. 

The  addition  of  these  regulatory  functions  to  the  work  of  the 
Bureau  of  Chemistry  immediately  enhanced  its  size  and  importance. 
The  personnel  of  the  Bureau  was  increased  from  no  on  July  1, 
1906,  to  250  on  July  1,  1907,  and  425  on  July  1,  1908;  and  the 
appropriations  increased  from  $130,920  for  the  fiscal  year  1906,  to 
$395,920  for  1907,  and  $697,920  for  1908. 

21  Department  of  Agriculture,  Annual  Reports,  1908,  p.  457. 
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Soon  after  the  beginning  of  the  enforcement  of  the  Food  and 
Drugs  Act,  differences  of  opinion  arose  between  the  Chemist  of 
the  Department  of  Agriculture  and  a  number  of  large  manufac¬ 
turers  of  articles  of  food,  concerning  the  definition  and  the  legality 
of  the  use  of  certain  food  adjuncts  and  preservatives.  At  the 
request  of  these  manufacturers,  President  Roosevelt  directed  the 
Secretary-  of  Agriculture  to  select  a  number  of  disinterested  scien¬ 
tific  men,  competent  to  pass  upon  the  question  as  to  whether  sulphur 
dioxide,  saccharin,  and  benzoate  of  soda  are  harmful  when  used 
in  foods,  and  to  consider  and  report  to  the  Secretary  of  Agriculture 
upon  the  wholesomeness  or  deleterious  character  of  such  other 
foods  or  such  articles  used  in  foods  as  might  be  referred  to  them 
by  the  Secretary. 

On  February  20,  1908,  the  Secretary  of  Agriculture  appointed 
as  the  “  Referee  Board  of  Consulting  Scientific  Experts,”  Ira 
Remsen,  President  of  Johns  Hopkins  University;  Russell  H.  Chit¬ 
tenden,  Director  of  the  Sheffield  Scientific  School,  Yale  University  ; 
Alonzo  E.  Taylor,  University  of  California ;  C.  A.  Herter,  College 
of  Physicians  and  Surgeons,  New  York  ;  and  John  H.  Long,  North¬ 
western  University,  Chicago,  all  of  whom  were  eminent  chemists. 

The  duties  imposed  on  the  Board  by  the  Secretary  of  Agriculture 
were  merely  investigational  and  advisory.  No  executive  power  was 
conferred  upon  the  Board,  its  purpose  being  merely  to  give  the 
Secretary  the  benefit  of  the  disinterested  and  unbiased  advice  of 
eminent  and  expert  chemists  when  a  serious  conflict  of  opinion 
should  arise  as  to  the  deleteriousness  of  any  particular  article  or 
substance  added  to  food. 

The  authority  of  the  Secretary  of  Agriculture  to  appoint  such  a 
board  having  been  questioned,  the  matter  was  referred  to  the  Attor¬ 
ney  General,  who  on  April  14,  1909,  rendered  the  opinion  23  that 
the  employment  of  experts  of  the  character  referred  to  is  authorized 
by  law,  and  that  neither  Section  9  of  the  Civil  Service  Act  of 
March  4,  1909,  nor  any  other  legislation  to  which  his  attention  had 
been  called  affected  the  right  of  the  Secretary  “  to  employ  such 
experts  or  to  submit  to  their  joint  investigation  and  report  any 
question  of  fact  affecting  the  adulteration  or  misbranding  of  articles 
of  food.” 


33  27  Op.  300,  305. 
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The  first  report  made  by  the  Board  of  Referees  during  the  fiscal 
year  1909,  dealt  with  the  effect  upon  health  of  sodium  benzoate. 
Based  upon  this  report,  the  Secretaries  of  Agriculture,  Commerce 
and  Labor,  and  the  Treasury,  promulgated  Food  Inspection  Deci¬ 
sion  104,  which  states  that  “  benzoate  of  soda  may  be  used  in  foods, 
provided  the  amount  used  is  clearly  stated  upon  the  container  or 
package  of  food  containing  this  substance.”  The  questions  as  to 
the  harmfulness  of  the  use  in  foods  of  saccharin,  sulphur  dioxide, 
alum,  and  sulphate  of  copper  were  among  the  first  taken  up  and 
reported  upon  by  the  Referee  Board.  Other  questions  were  re¬ 
ferred  to  it  from  time  to  time.  The  appointments  of  the  Referee 
Board  were  terminated  June  30,  1915. 

Another  opinion  of  the  Attorney  General 24  declared  that  the 
Secretaries  of  the  Treasury,  Commerce  and  Labor,  and  Agriculture 
are  restricted  to  the  making  of  rules  and  regulations  for  carrying 
out  the  provisions  of  the  Food  and  Drugs  Act  and  have  no  author¬ 
ity  to  review  findings  of  fact  and  reports  made  to  the  Secretary  of 
Agriculture ;  also  that  the  findings  of  the  Referee  Board  of  the 
Department  of  Agriculture  are  not  conclusive  on  the  courts  or 
the  Secretary  of  Agriculture  but  are  simply  for  the  information 
of  the  latter. 

Questions  having  arisen  as  to  the  application  of  the  Food  and 
Drugs  Act  in  cases  where  regulatory  laws  were  already  in  existence, 
opinions  were  obtained  from  the  Attorney  General  soon  after  the 
beginning  of  the  enforcement  of  the  former.  With  regard  to  the 
Drugs  and  Medicine  Act  of  June  16,  1848  (9  Stat.  L.,  237),  which 
prohibited  the  importation  of  drugs,  medicines  and  medicinal  prep¬ 
arations  that  were  found  to  be  adulterated  or  deteriorated,  the 
enforcement  of  which  came  under  the  jurisdiction  of  the  Secretary 
of  the  Treasury  and  is  still  in  force,  it  was  held25  that  this  act 
and  the  Food  and  Drugs  Act  were  cumulative  and  both  should  be 
given  effect,  and  an  importation  of  drugs  should  not  be  admitted 
if  it  failed  to  conform  to  the  standards  established  by  the  former 
or  to  the  tests  imposed  under  the  latter. 

With  regard  to  the  Tea  Importation  Act  of  March  2,  1897 
(27  Stat.  L.,  604),  which  was  originally  enforced  by  the  Secretary 

24  29  Op.  494,  July  8,  1912. 

25  26  Op.  31 1,  July  1 7,  1907. 
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of  the  Treasury  it  was  held  28  that  there  is  no  such  repugnancy 
between  this  act  and  the  Food  and  Drugs  Act  as  to  prevent  them, 
generally  speaking,  from  standing  together.  Importation  of  tea 
must  comply  with  the  standards  established  under  the  Tea  Importa¬ 
tion  Act  and  must  also  stand  the  tests  in  reference  to  adulteration 
and  misbranding  imposed  by  the  Food  and  Drugs  Act.  Both 
statutes  are  cumulative  in  so  far  as  the  importation  of  tea  is 
concerned.  The  Tea  Act  of  March  2,  1897,  was  amended  by  an  act 
approved  May  16,  1908  (35  Stat.  L.,  163),  excluding  from  its 
provisions,  tea  used  in  the  manufacture  of  theine,  caffeine,  or  other 
chemical  products  whereby  the  identity  and  character  of  the  original 
material  is  destroyed  or  changed.  The  enforcement  of  this  act  was 
placed  in  the  hands  of  the  Secretary  of  Agriculture  by  an  act  of 
May  31,  1920  (41  Stat.  L.,  694,  712). 

In  1912  and  1913  two  important  amendments  were  made  to  the 
Food  and  Drugs  Act.  The  first,  known  as  the  Sherley  amendment, 
enacted  August  23,  1912  (37  Stat.  L.,  416),  deals  with  medicines 
branded  with  false  and  fraudulent  statements  concerning  their 
effect  on  disease.  This  has  resulted  in  a  vast  improvement  in  the 
labeling  of  medicinal  preparations.  Through  the  cooperation  of 
the  Secretary  of  the  Treasury  it  has  been  possible  to  apply  the 
Sherley  Act  to  nearly  all  importations  of  drugs  so  that  false  and 
fraudulent  labels  have  disappeared  from  important  medicinal 
products.  A  separate  office  was  established  to  deal  with  cases  under 
this  act.  At  the  request  of  the  Secretary  of  Agriculture,  an  officer 
of  the  Public  Health  Service  was  detailed  to  take  charge  of  this 
office.  This  assignment  was  specifically  authorized  in  an  appropria¬ 
tion  act  of  October  1,  1918  (40  Stat.  L.,  973,  992). 

The  other  amendment  enacted  March  3,  1913  (37  Stat.  L.,  732), 
known  as  the  Net  Weight  Act,  requires  that  all  food  and  drug 
packages  shipped  in  interstate  commerce  shall  be  plainly  and 
conspicuously  marked  to  show  the  quantity  of  the  contents  in  terms 
of  weight,  measure,  or  numerical  count.  This  amendment  was 
amended  by  a  clause  in  an  appropriation  act  of  July  24,  1919 
(41  Stat.  L.,  235,  271),  bringing  hams,  sides  of  bacon,  and  similar 


28  26  Op.  166,  February  23,  1907. 
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meat  products,  when  wrapped,  within  the  provisions  of  the  Net 
Weight  Act.  The  equitable  enforcement  of  this  act  required  studies 
of  and  allowances  for  shrinkage,  variations  of  containers,  errors 
in  weighing,  measuring,  and  counting,  for  a  vast  variety  of 
products.  The  gathering  of  the  necessary  information  for  the 
enforcement  of  this  provision  devolved  upon  the  Bureau  of  Chem¬ 
istry.  The  act  permits  reasonable  exceptions,  variations,  and  toler¬ 
ances  in  certain  cases  in  the  marking  of  packages.  Accordingly 
rules  were  promulgated  specifically  defining  reasonable  variations 
and  tolerances  as  to  large  packages  and  exceptions  as  to  small 
packages.  In  order  to  obtain  the  necessary  basic  information  for 
establishing  the  exemptions,  variations,  and  tolerances,  the  Bureau 
of  Chemistry  conducted  hearings  and  also  called  upon  the  Bureau 
of  Standards  of  the  Department  of  Commerce,  from  which  much 
valuable  aid  was  received. 

Prior  to  May  24,  1913,  the  provisions  of  the  Food  and  Drugs  Act 
were  regarded  as  not  being  applicable  to  such  meats  and  meat- food 
products  prepared  for  interstate  or  foreign  commerce  as  come 
under  the  meat-inspection  law  of  June  30,  1906  (34  Stat.  L.,  674), 
and  accordingly  the  regulations  made  by  the  Secretaries  of  the 
Treasury,  Agriculture,  and  Commerce  and  Labor  for  the  enforce¬ 
ment  of  the  Food  and  Drugs  Act  had  a  provision  2T  that  these  regu¬ 
lations  should  not  apply  to  domestic  meat  and  meat-food  products 
which  were  prepared  under  the  meat-inspection  law.  On  the  above 
date  a  decision  28  was  rendered  by  the  Attorney  General  to  the  effect 
that  meat  and  meat-food  products  prepared  for  interstate  or  foreign 
commerce  under  the  meat-inspection  law  of  June  30,  1906  (34 
Stat.  L.,  674),  are  subject  to  the  provisions  of  the  Fbod  and  Drugs 
Act  of  June  30,  1906  (34  Stat.  L.,  768).  This  decision  and  subse¬ 
quent  action  by  the  three  Secretaries  in  rescinding  this  provision  of 
the  regulations,  placed  meats  and  meat-food  products  under  the 
provisions  of  the  Food  and  Drugs  Act  as  well  as  under  the  Meat- 
Inspection  Act. 

27  Rule  39,  Rules  and  Regulations  for  the  enforcement  of  the  Federal  Food 
and  Drugs  Act. 

28  30  Op.  164,  May  24,  1913. 
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The  placing  of  these  products  under  the  provisions  of  the  Food 
and  Drugs  Act  called  for  the  establishment  of  new  administrative 
machinery  and  certain  reorganizations  in  the  Bureau  of  Chemistry, 
and  required  a  close  cooperation  between  that  Bureau  and  the 
Bureau  of  Animal  Industry.  The  general  effect  of  this  change  was 
to  give  the  Federal  Government  control  over  meat  and  meat- food 
products  in  interstate  commerce  in  all  stages  of  their  transit,  in¬ 
stead  of  largely  limiting  their  control  to  these  products  while  they 
were  actually  within  the  jurisdiction  of  a  federally  inspected  meat 
establishment.  » 

In  order  to  secure  greater  coordination  in  the  work  of  the  na¬ 
tional  and  state  enforcement,  a  conference  of  state  food  commis¬ 
sioners  and  other  state  officers  was  called  at  the  invitation  of  the 
Secretary  of  Agriculture.  The  conference  met  on  November  13, 
and  14,  1912.  At  this  meeting  a  Joint  Committee  on  Definitions  and 
Standards,  consisting  of  three  members  each  from  the  Association 
of  American  Dairy,  Food,  and  Drug  Officials,  the  Association  of 
Official  Agricultural  Chemists,  and  the  Bureau  of  Chemistry  was 
formed  for  the  purpose  of  fixing  working  standards  and  definitions 
for  foods  and  drugs  to  serve  as  a  uniform  guide  in  the  enforcement 
of  the  food  and  drug  laws  throughout  the  country  and  to  render 
food  and  drug  control  more  economical  and  to  facilitate  compliance 
with  the  laws. 

To  carry  out  this  purpose,  a  central  organization  was  created  in 
1914  entitled  the  “  Office  of  State  Cooperative  Food  and  Drug 
Control,’’  later  designated  the  “  Office  of  Cooperation,”  located  at 
the  Bureau  of  Chemistry  (now  in  the  Food,  Drug  and  Insecticide 
Administration),  which  acts  as  a  clearing  house  for  all  matter  deal¬ 
ing  with  food  and  drug  control.  Its  activities  include :  The  collec¬ 
tion  of  statutes,  regulations,  definitions,  and  standards  of  the  sev¬ 
eral  states  and  of  foreign  countries  ;  publication  of  a  manual  of  pro¬ 
cedure  for  the  guidance  of  state  health,  food,  and  drug  officers ; 
publication  of  lists  of  federal  and  state  dairy,  food,  drug,  and 
feeding  stuffs  officers,  with  current  revisions ;  publication  of  a 
confidential  periodical,  the  Food  and  Drug  Review,  containing  re¬ 
ports  for  the  sole  use  of  federal,  state,  and  municipal  officers  in 
the  regulation  of  commerce  in  foods  and  drugs ;  correspondence 
and  conferences  with  state  and  municipal  officers ;  notifications  of 
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the  beginnings  and  terminations  of  court  decisions  and  of  public 
hearings  of  the  Bureau  of  Chemistry ;  supplies  of  analyses  and  of 
inspection  reports ;  presentations  of  methods  of  analyses ;  collec¬ 
tions  of  state  administrative  reports  and  publications.  The  Office 
of  Cooperation  was  thus  organized  to  keep  in  direct  contact  with 
all  the  food  and  drug  enforcement  services  of  all  the  states,  the 
territories,  and  the  Philippines. 

The  cooperation  of  the  Bureau  of  Chemistry  with  state  and  local 
food  and  drug  enforcement  authorities  and  their  cooperation  with 
one  another  was  further  enhanced  by  the  creation  from  time  to 
time  of  sectional  organizations,  such  as  the  Association  of  Food 
and  Drug  Officials  of  the  Southeastern  States,  the  Association  of 
Food,  Feed  and  Drug  Officials  of  the  South  Central  States,  the 
New  England  States  Officials’  Association,  the  North  Central 
Association  of  Food  and  Drug  Officials,  the  Central  Atlantic 
States  Dairy,  Food  and  Drug  Officials’  Association,  and  the  As¬ 
sociation  of  Dairy,  Food,  Drug  and  Feed  Officials  of  the  North 
Central  States. 

Early  in  1913  it  became  apparent  that  the  efficiency  of  the  Bureau 
of  Chemistry  in  administering  the  Food  and  Drugs  Act  was  seri¬ 
ously  impaired  by  lack  of  system.  The  laboratories,  both  in  and  out 
of  Washington,  were  congested  with  samples  collected  by  inspec¬ 
tors.  The  inspectors,  who  were  responsible  only  to  the  chief  in¬ 
spector  in  Washington,  worked  independently  of  the  chemists  in 
the  branch  laboratories  with  resulting  loss  of  efficiency.  There  was 
much  delay  in  analyzing  samples  and  in  detecting  adulterations.  It 
was  apparent  that  the  work  of  the  inspectors  and  of  the  chemists 
should  be  coordinated  and  placed  under  more  close  supervision. 

Accordingly,  the  field  service  of  the  Bureau  was  set  off  from  the 
central  organization,  and  divided  into  an  Eastern,  a  Central,  and 
a  Western  District  with  headquarters  respectively  in  Washington 
(later  transferred  to  New  York),  Chicago,  and  San  Francisco.  A 
single  officer  was  placed  in  charge  of  each  district,  who  was  made 
directly  responsible  to  the  Bureau  of  Chemistry  for  all  the  inspec¬ 
tion  and  laboratory,  and  other  work  in  his  district.  Corresponding 
changes  were  effected  in  the  bureau  organization  in  Washington  to 
make  it  serve  both  as  a  check  upon  the  field  service  and  a  coordi¬ 
nating  machine  for  the  work  of  the  three  districts.  At  the  same 
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time  most  of  the  investigational  work  of  the  Bureau  was  concen¬ 
trated  in  Washington,  and  as  far  as  feasible,  was  separated  from 
the  routine  work  of  law  enforcement. 

The  adoption  of  this  plan  of  organization,  which  is  still  main¬ 
tained  by  the  Food,  Drug,  and  Insecticide  Administration,  has  re¬ 
sulted  in  more  efficient  inspection  of  foods  and  drugs  and  in  more 
systematic  action  in  the  administration  of  the  Food  and  Drugs  Act. 
It  has  also  led  to  a  closer  cooperation  with  state  and  municipal  of¬ 
ficials. 

The  Bureau,  about  the  same  time,  in  its  regulatory  work,  began 
the  policy  of  giving  special  systematic  attention  to  articles  in  com¬ 
mon  use,  instead  of  attempting  to  deal  with  food  products  indis¬ 
criminately.  The  various  types  of  food  and  drug  products  were 
divided  into  classes  or  projects,  such  as  canned  goods,  cereal 
products,  fruit  and  fruit  products,  cattle  feeds,  proprietary  medi¬ 
cines,  and  pharmaceutical  products.  At  the  beginning  of  each  fiscal 
year  a  schedule  of  projects  is  prepared  which  includes  all  the  im¬ 
portant  lines  of  work  to  receive  attention  during  the  year,  and  a 
definite  plan  of  attack  for  each  line,  showing  the  time  the  work 
is  to  be  done  and  the  part  to  be  done  by  each  unit  of  the  organiza¬ 
tion.  Owing  to  the  magnitude  of  the  food  and  drug  industries,  it 
is  only  by  this  means  that  it  is  possible  to  maintain  an  effective 
supervision  of  interstate  and  foreign  commerce  in  food  and  drug 
products. 

As  a  part  of  the  work  of  the  Bureau  of  Chemistry  in  seeking  to 
maintain  the  standards  of  the  United  States  Pharmacopoeia  in  me¬ 
dicinal  preparations,  a  complete  study  of  certain  simple  household 
remedies  was  made  in  1914,  from  every  pharmacy  in  the  District 
of  Columbia,  which  resulted  in  the  discovery  of  much  carelessness 
in  compounding  by  retail  pharmacists.  This  type  of  control  can  only 
be  exercised  in  the  District  of  Columbia  and  in  the  territories,  being 
a  matter  of  state  control  elsewhere.  The  study  was  undertaken  not 
only  to  protect  the  consumers  within  the  District  of  Columbia, 
but  also  to  bring  to  the  attention  of  state  officers  the  condition  of 
simple  preparations  often  dispensed  by  pharmacists. 

January  1,  1917,  concluded  the  first  ten  years  of  the  enforcement 
of  the  Food  and  Drugs  Act.  During  this  period  the  machinery 
for  the  effective  enforcement  of  the  act  had  gradually  been  brought 
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to  a  fair  degree  of  perfection,  and  the  manufacturers  and  dealers 
in  foods  and  drugs  had  gradually  become  educated  to  a  realization 
that  the  enforcement  of  this  law  was  a  benefit  to  them  as  well  as  to 
the  consumer.  The  following  extracts  from  a  brief  review  of  the 
activities  of  the  food  and  drug  administration  of  the  Bureau  of 
Chemistry  as  given  in  a  report  of  Dr.  C.  L.  Alsberg,  the  Chemist, 
are  of  interest : 29 

It  is  perhaps  impossible  for  any  one  correctly  to  estimate  the 
general  effect  of  the  Food  and  Drugs  Act.  To  state  that  more  than 
six  thousand  cases  have  been  terminated  in  the  courts  during  the 
first  decade  since  the  enactment  of  the  act,  that  maufacturers  have 
been  cited  to  hearing  more  than  forty  thousand  times,  that  many 
thousands  of  factory  inspections  have  been  made,  that  more  than 
seven  hundred  and  fifty  thousand  shipments  of  food  and  drugs, 
both  domestic  and  imported,  have  been  examined,  gives  but  an 
imperfect  indication  of  results.  The  accomplishments  under  the 
Food  and  Drugs  Act  can  be  proven  only  in  part  by  reference  to 
the  files  of  the  Bureau.  A  measure  of  the  corrective  influence  of  the 
act  is  the  true  measure  of  accomplishment.  Perhaps  such  an  esti¬ 
mate  can  best  be  gained,  though  imperfectly,  by  considering  the 
effect  of  the  act  upon  food  and  drug  control  by  the  States,  upon 
the  development  of  the  food  and  drug  industries,  and  by  the  enu¬ 
meration  of  some  of  the  principal  abuses  that  have  been  corrected. 

One  of  the  consequences  of  the  enactment  of  the  Food 
and  Drugs  Act  was  to  stimulate  the  enactment  of  similar 
legislation  in  many  of  the  States,  in  order  to  control  the 
local  traffic  in  foods  and  drugs  which,  since  no  interstate 
commerce  is  involved,  is  not  subject  to  the  Federal  Act. 
For  example,  in  1906  a  considerable  number  of  States  had 
feeding-stuff s  laws,  but  many  had  none.  A  State  could  not 
prosecute  a  manufacturer  unless  he  were  a  citizen  of  that  State. 
The  Federal  law  supplements  the  State  law  in  this  respect,  and  now 
most  of  the  States  have  similar  laws.  Naturally,  in  the  beginning- 
much  confusion  and  apparent  conflict  between  the  local  and  Federal 
laws  and  the  local  and  Federal  administration  of  laws  seemed  to 
exist,  so  that  it  was  difficult  for  the  two  sets  of  officials  to  supple¬ 
ment  one  another.  In  consequence  it  was  often  necessary  for  manu¬ 
facturers  to  make  very  special  preparation  for  shipment  to  certain 
States  at  extra  cost,  which  naturally  was  passed  on  to  the  ultimate 
consumer.  This  lack  of  uniformity  has  been  remedied  to  a  con¬ 
siderable  degree  by  two  agencies:  (1)  The  Joint  Committee  on 
Definitions  and  Standards,  consisting  of  representatives  of  the 

29  Department  of  Agriculture,  Annual  Reports,  1917,  p.  210. 
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Association  of  American  Dairy,  Food  and  Drug  Officials,  of  the 
Association  of  Official  Agricultural  Chemists,  and  of  the  Depart¬ 
ment  of  Agriculture,  and  (2)  by  the  Office  of  Cooperative  State 
and  Federal  Food  and  Drug  Control,  established  in  the  Bureau  of 
Chemistry  in  1914.  The  Joint  Committee  which  was  established  by 
the  Secretary  of  Agriculture,  proposes  standards  and  definitions 
for  the  consideration  of  State  officials  which,  after  adoption  by 
these  officials,  are  adopted  by  the  Department  of  Agriculture  for 
the  guidance  of  its  officials.  In  this  manner  independent  and  con¬ 
flicting  action  by  independent  groups  of  officials  is,  to  a  large  extent, 
voluntarily  obviated.  The  Bureau  of  Chemistry’s  Office  of  State 
and  Federal  Cooperative  Food  and  Drug  Control  is  essentially  a 
State  agency  in  a  Federal  bureau.  It  is  a  special  agent  for  the 
State  or  municipal  official.  It  acts  as  a  clearing  house  for  all  matters 
dealing  with  food  and  drug  control  so  that  all  the  officials  of  the 
country  may  be  kept  informed  upon  all  that  is  in  progress  through¬ 
out  the  country.  It  furnishes  regularly  information  and  assistance 
to  State  and  municipal  officials.  The  result  is  that  Federal,  State 
and  municipal  officials  are  able  to  supplement  each  other  more  effec¬ 
tively  than  was  possible  early  in  the  law’s  enforcement.  This  is 
well  exemplified  by  the  fact  that  during  the  fiscal  year  ending 
June  30,  1917,  one  hundred  and  seventeen  cases  were  instituted 
under  the  Federal  law  by  State  officials,  exclusive  of  the  officials 
of  the  District  of  Columbia,  and  that  these  officials  have  collected 
more  than  three  hundred  official  samples  for  consideration  by  the 
Bureau  of  Chemistry.  Through  these  two  agencies  a  way  has  been 
found,  so  far  as  the  Food  and  Drugs  Act  is  concerned,  to  overcome 
in  a  fairly  satisfactory  manner  some  of  the  difficulties  that  arise 
out  of  our  form  of  Government  with  its  conflict  of  Federal  and 
State  jurisdiction. 

The  Food  and  Drugs  Act  was  among  the  first  of  that  group  of 
laws  which  to-day  would  be  classed  as  laws  for  the  prevention  of 
unfair  competition.  The  suppression  of  fraud  upon  the  consumer 
and  of  unfair  competition  among  business  rivals  are  but  the  two 
faces  of  the  same  coin.  In  consequence  the  food  industries  are 
sincerely  and  effectively  supporting  and  helping  the  Bureau  of 
Chemistry  to  enforce  the  law.  Indeed,  the  Bureau  is  not  infre¬ 
quently  appealed  to  by  the  industries  to  compel  the  cessation  of 
unfair  practices  and  to  encourage  the  standardization  of  products 
when  the  industry  is  incapable  by  itself  of  bringing  about  these 
results.  Instances  of  this  kind  may  be  found  in  the  citrus-fruit 
industry,  the  evaporated-milk  industry,  and  the  sardine  industry. 
The  act  has  been  one  of  the  influences  which  has  helped  to  draw 
competitors  together  into  associations  like  the  guilds  of  the  Middle 
Ages,  associations  shorn  of  the  special  privileges  which  the  ancient 
guilds  often  enjoyed.  These  associations  have  come  to  understand 
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the  value  of  constructive  work  and  some  of  them  devote  consider¬ 
able  sums  annually  to  experimental  research  designed  to  solve  the 
technical  problems  with  which  the  industry  is  confronted.  Thus, 
there  is  made  available  to  the  small  manufacturer  scientific  assis¬ 
tance  which  would  ordinarily  be  obtainable  only  by  large  corpora¬ 
tions  maintaining  their  own  staff  of  investigators.  Since  the  Bureau 
of  Chemistry  has  always  regarded  it  as  its  duty  not  merefy  to  report 
violations  of  the  law  but  also  to  prevent  violations  by  constructive 
work  intended  to  improve  methods  of  manufacture,  it  cooperates 
actively  with  such  associations  of  manufacturers.  Such  coopera¬ 
tion  by  the  various  Government  agencies  is  bound  to  exert  the 
profoundest  influence  on  the  country’s  industrial  and  social  devel¬ 
opment. 

The  best  evidence  that  many  of  the  abuses  formerly  occurring  in 
the  food  industry  have  ceased,  is  to  be  found  in  the  fact  that  the 
violations  of  the  Food  and  Drugs  Act  observed  to-day  are  hardly 
comparable  with  those  which  obtained  during  the  first  few  years 
of  the  past  decade.  Most  of  the  staple  food  products  now  found  in 
violation  are  either  of  a  higher  grade  than  formerly,  or  are  products 
of  the  clever  adulterator,  that  is  of  those  who  have  more  or  less 
anticipated  the  ordinary  means  of  detection  by  so  manipulating 
their  products  that  not  infrequently  the  adulteration  can  be  detected 
only  by  the  most  detailed  and  painstaking  chemical  analysis  coupled 
with  factory  inspection.  In  consequence  there  has  been  a  decided 
change  in  the  direction  of  the  work.  It  has  of  recent  years  developed 
quite  noticeably  in  the  direction  of  factory  sanitation,  of  the  study 
of  spoilage  and  decomposition  of  foodstuffs,  and  of  the  improve¬ 
ment  through  laboratory  research  of  the  methods  of  detecting  the 
more  refined  new  types  of  adulterations. 

The  Food  and  Drugs  Act’s  chief  contributions  to  the  safeguard¬ 
ing  of  the  peoples’  health  have  been  its  effect  upon  the  drug  and 
patent  medicine  industry,  upon  the  control  of  the  traffic  in  polluted, 
decomposed  or  filthy  foods,  and  upon  the  elimination  from  food¬ 
stuffs  of  contamination  with  poisons  such  as  lead  and  arsenic 
which  entered  the  product  because  of  the  use  of  impure  reagents 
in  the  process  of  manufacture,  or  of  utensils  constructed  of  im¬ 
proper  materials. 

The  misbranding  in  regard  to  therapeutic  value  of  hundreds  of 
alleged  cancer  cures,  of  alleged  cures  for  coughs,  colds,  consump¬ 
tion,  etc.,  of  alleged  cures  for  diseases  of  the  kidney,  epilepsy, 
St.  Vitus  Dance,  and  the  like,  has  been  corrected.  Unfortunately  in 
many  instances  the  result  has  been  merely  to  transfer  the  false  and 
fraudulent  claims  from  the  package  to  newspapers  and  other  pub¬ 
licity  media  over  which  the  act  exercises  no  jurisdiction.  The  law 
requires  the  labels  of  patent  medicines  to  declare  the  presence  of 
any  habit- forming  drugs  such  as  opium  or  cocaine  or  alcohol  con- 
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tained  in  them,  thus  preventing  the  innocent  development  of  the 
drug  habit  which  undoubtedly  was  common.  This  provision  of  the 
law  is  particularly  valuable  in  warning  mothers  against  the  use  of 
so-called  infants’  soothing  sirups  containing  opium.  It  has  with¬ 
out  question  done  much  to  limit  the  use  of  medicines  as  tipples. 
In  consequence  of  the  requirement  that  habit-forming  drugs  be 
declared  upon  the  label  the  formulae  of  some  nostrums  was  changed 
by  the  reduction  or  even  the  elimination  of  the  habit-forming  agent. 
Drug  addiction,  in  fact,  was  so  prevalent  that  frauds  in  the  treat¬ 
ment  of  these  unfortunates  became  frequent.  In  most  instances  the 
treatment  contained  the  very  drug  to  which  the  person  was  ad¬ 
dicted.  Many  of  the  purveyors  of  these  treatments  were  success¬ 
fully  prosecuted.  Similar  action  was  taken  in  regard  to  catarrh 
and  asthma  remedies  containing  cocaine.  When  the  act  went  into 
effect  there  were  thirty  soft  drinks  containing  small  amounts  of 
cocaine,  practically  all  of  which  were  suppressed.  There  can  be  no 
doubt  that  the  act  was  an  important  factor  in  aiding  the  passage 
of  the  Harrison  Anti-Narcotic  Law,  which  more  effectively  con¬ 
trols  habit-forming  narcotics  than  is  possible  under  the  Food  and 
Drugs  Act.  Much  has  also  been  done  to  control  the  indiscriminate 
use  of  so-called  headache  mixtures  containing  dangerous  claims. 
The  act  has  vastly  improved  the  manufacture  of  pharmaceuticals 
such  as  extracts  and  tablets,  and  raised  the  quality  of  the  supply  of 
crude  drugs  since  the  importations  of  crude  drugs  are  examined  at 
the  ports  of  entry.  Finally,  it  may  be  stated  that  much  evidence  ob¬ 
tained  in  connection  with  the  enforcement  of  the  Food  and  Drugs 
Act  was  submitted  to  the  Post  Office  Department  and  resulted  in 
the  issuance  of  fraud  orders,  a  more  effective  way  of  dealing 
with  many  products  than  prosecution  under  the  Food  and  Drugs 
Act.  Among  these  may  be  mentioned  lost  manhood  restorers,  con¬ 
sumption  cures,  cancer  cures,  mechanical  devices  referred  to  in 
medical  literature  as  “  gas-pipe  therapy,”  weight  producers  and 
general  medicine  schemes  by  which  diagnoses  are  made  and  treat¬ 
ment  administered  by  mail. 

The  methods  of  handling  and  labeling  soft  drinks  and  mineral 
waters  have  been  revolutionized.  One  sure  index  of  this  improve¬ 
ment  is  the  fact  that  the  cleaning  and  bottling  machinery  of  five 
years  ago  is  to-day  out  of  date.  The  collection  of  a  sample  of  min¬ 
eral  water  which  is  contaminated  is  now  unusual,  while  ten  years 
ago  most  of  the  samples  collected  were  in  an  unsatisfactory  condi¬ 
tion.  Regarding  false  labeling,  it  may  be  pointed  out  specifically  that 
misrepresentations  regarding  so-called  lithia  waters  and  radioactive 
waters,  as  well  as  the  great  majority  of  exaggerated  therapeutic 
claims,  have  been  practically  eliminated  from  the  labels  of  these 
products.  To-day  the  so-called  lithia  waters  and  radioactive  waters 
are  not  to  be  found  on  the  market. 
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Much  has  also  been  done  to  safeguard  the  milk  supply  imported 
from  Canada  or  shipped  in  interstate  commerce.  In  the  same 
manner,  with  the  cooperation  of  the  United  States  Public  Health 
Service,  the  traffic  in  oysters  polluted  with  sewage  has  been  con¬ 
trolled.  The  traffic  in  decomposed  canned  fish,  so-called  “  do- 
overs,”  has  practically  ceased.  The  shipment  of  decomposed 
canned  beans  and  of  decomposed  shell  eggs  has  been  lessened.  The 
manufacture  of  foods  from  refuse,  especially  tomato  products, 
has  been  decreased  and  the  sanitary  conditions  in  food  factories 
have  correspondingly  improved. 

Ten  years  ago  much  of  the  baking  powder,  of  the  gelatin,  and 
some  of  the  confectionery  was  contaminated  with  small  quantities 
of  lead  or  arsenic.  This  is  not  the  case  to-day.  The  coloring  of 
canned  peas  with  copper  has  been  suppressed,  as  has  the  use  of  a 
number  of  dangerous  preservatives. 

Among  the  practices  not  dangerous  to  health  that  have  been  con¬ 
trolled  may  be  mentioned  the  addition  of  water  to  grain,  to  dried 
fruit,  to  sirups,  to  fruit  juices,  to  oysters,  to  canned  tomatoes,  and 
the  like ;  the  substitution  of  glucose  for  cane  or  beet  sugar,  of 
synthetic  for  natural  products  in  flavoring  extracts,  of  sugar  sirup 
for  maple  sirup,  and  of  hulls  for  cottonseed  meal.  The  list  might 
be  extended  vastly. 

The  act  exercises  control  not  merely  over  interstate  shipments 
but  also  over  imports.  Indeed,  it  is  somewhat  broader  in  scope 
in  its  application  to  importations  than  to  domestic  shipments.  In 
the  last  ten  years  over  one  hundred  thousand  import  shipments  have 
been  sampled  and  many  times  that  number  inspected.  Practically 
all  the  various  violations  of  the  act  mentioned  in  the  preceding 
paragraphs  have  also  been  dealt  with  in  connection  with  importa¬ 
tion. 

*  *  *  * 

The  constitutionality  of  the  act  has  been  questioned  repeatedly 
without  success.  These  cases  and  many  other  have  clarified  the 
significance  of  most  of  the  provisions  of  the  act.  .  .  . 

During  the  continuance  of  the  participation  of  the  United  States 
government  in  the  World  War  in  1917  and  1918  there  was  a  revival 
of  flagrant  types  of  adulteration  and  misbranding  that  had  been 
almost  unknown  for  a  decade,  owing  to  the  scarcity  and  high  price 
of  raw  materials.  With  the  collaboration  of  the  state  and  municipal 
officers,  and  in  some  instances  with  the  cooperation  of  the  United 
States  Food  Administration,  the  Bureau  of  Chemistry  was  able 
to  get  speedy  results  in  the  suppression  of  such  abuses. 
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On  July  1,  1920,  by  a  provision  of  the  act  of  May  31,  1920  (41 
Stat.  L.,  712),  the  administration  of  the  Tea  Act  was  transferred 
from  the  Customs  Division  of  the  Treasury  Department  to  the 
Bureau  of  Chemistry,  together  with  the  personnel  which  was  en¬ 
gaged  in  that  work.  This  change  effected  material  economies,  as 
it  permitted  the  utilization  of  the  tea  administration  staff  to  be 
employed,  in  the  slack  season  of  tea  importations,  upon  lines  of 
work  for  which  it  is  peculiarly  qualified,  such  as  the  enforcement 
of  those  sections  of  the  Food  and  Drugs  Act  which  pertain  to  tea 
and  coffee. 

Naval  Stores  Act  of  March  3,  1923.  The  Bureau  of  Chemistry, 
having  been  entrusted  with  the  enforcement  of  the  Naval  Stores 
Act  of  March  3,  1923  (42  Stat.  L.,  1435),  which  took  effect  June 
1,  1923,  work  was'  begun  on  the  preparation  of  regulations  and  the 
formulation  of  plans  for  its  enforcement,  although  no  appropria¬ 
tion  was  made  for  this  activity  until  a  year  later. 

This  act  defines  and  establishes  classes  and  grades  for  the  several 
kinds  of  turpentine  and  rosin ;  makes  rosin  types,  which  had  pre¬ 
viously  been  prepared  by  the  Bureau  of  Chemistry,  official  stand¬ 
ards  for  rosin ;  authorizes  the  Secretary  of  Agriculture  to  revise 
and  make  new  standards ;  requires  the  sale  in  interstate  and  foreign 
commerce  of  all  turpentine  and  rosin  under  the  standards  provided, 
and  makes  unlawful  the  use  of  words,  parts,  or  derivatives  of 
words  resembling  “  turpentine  ”  or  “  rosin  ”  or  of  any  misleading 
or  false  word  or  words  in  advertising,,  offering  for  sale,  or  selling 
anything  which  is  not  naval  stores  of  the  standards  provided  in  the 
act.  The  act  also  authorizes  the  Secretary  of  Agriculture,  upon 
request  of  interested  persons,  to  examine  and  grade  naval  stores 
and  to  issue  certificates  showing  the  analysis,  classification,  or 
grade,  which  certificates  are  made  prima  facie  evidence  in  any 
court.  The  Secretary  is  required  to  make  a  charge  for  this  service 
to  cover  its  actual  cost.  An  appropriation  of  $10,000  for  the  en¬ 
forcement  of  the  act  became  available  on  July  1,  1924,  after  which 
the  necessary  equipment  was  installed  in  the  Bureau  of  Chemistry 
for  sampling,  grading,  classification,  analysis,  and  marking  of  naval 
stores,  appropriate  forms  for  the  work  were  devised  and  printed, 
and  a  personnel  was  organized  and  provision  was  made  for  the 
active  enforcement  of  the  act.  From  the  beginning  of  the  enforce¬ 
ment  of  this  act  the  Bureau  received  the  cooperation  of  the  naval 
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stores  industry,  and  a  marked  improvement  has  resulted  in  the 
labeling  and  grading  of  rosin  and  turpentine  and  the  correction  of 
abuses  in  the  naval  stores  industry.  The  function  of  enforcing  this 
act  was  transferred  to  the  Food,  Drug,  and  Insecticide  Adminis¬ 
tration  on  July  i,  1927. 

Activities  of  the  Bureau  of  Chemistry  in  1927.  During  the 
fiscal  year  ending  June  30,  1927,  after  which  the  Bureau  of  Chem¬ 
istry  ceased  to  exist  as  a  separate  unit,  the  Bureau  was  carrying  on 
researches  and  studies  in  crop  chemistry,  fruit  and  vegetable 
chemistry,  production  of  organic  chemicals  by  fermentation,  farm 
and  industrial  waste  utilization,  food  and  technical  microbiology, 
sirup  and  sugar,  vegetable  oils,  proteins,  leather  and  tanning  mate¬ 
rials,  paper,  farm  fabrics,  color,  plant  dust  explosions  and  farm 
fires,  methods  of  analysis,  insecticides  and  fungicides,  and  naval 
stores,  all  of  which  were  carried  over  to  the  Chemical  and  Tech¬ 
nological  Research  branch  of  the  newly  created  Bureau  of  Chem¬ 
istry  and  Soils,  on  July  1,  1927. 

The  regulatory  functions  of  the  Bureau  of  Chemistry  that  were 
carried  on  during  the  last  fiscal  year  of  its  existence  as  a  separate 
unit  and  turned  over  to  the  newly  created  Food,  Drug,  and  Insecti¬ 
cide  Administration  on  July  1,  1927,  comprised  the  enforcement 
of  the  Food  and  Drugs  Act  of  June  30,  1906,  the  Tea  Act  of 
March  2,  1897,  and  the  Naval  Stores  Act  of  March  3,  1923,  and 
the  studies,  researches,  and  other  activities  incident  thereto. 

The  latter  consisted  of  the  adoption  of  definitions  and  standards 
by  the  Food  Standards  Committee;  the  certification  of  coal-tar 
colors ;  food  and  drug  control  investigations,  including  beverage 
and  flavoring,  pharmacological,  microbiological,  and  microchemical 
investigations,  and  investigational  work  in  connection  with  the 
enforcement  of  the  insecticide  and  fungicide  and  the  naval  stores 
acts. 

The  Bureau  also  collaborated  with  other  bureaus  and  depart¬ 
ments  whenever  its  services  in  the  chemical  field  were  needed.  This 
work  was  transferred  to  the  Food,  Drug  and  Insecticide  Admin¬ 
istration. 

Soil  Unit  in  the  Department  of  Agriculture.30  While  the 
Chemical  Division  of  the  Department  of  Agriculture  had  been 

For  other  historic  accounts  of  soil  and  fertilizer  investigations,  see  pages 
2  and  22. 
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studying  the  chemistry  of  soils  and  fertilizers  since  its  beginning, 
the  Weather  Bureau  soon  after  its  transfer  from  the  War  Depart¬ 
ment  to  the  Department  of  Agriculture  in  1889,  began  making 
studies  of  the  rainfall  and  temperature  in  relation  to  soil  conditions. 
These  studies  were  expanded,  and  resulted  in  the  creation  on  Febru¬ 
ary  15,  1894,  of  a  Division  of  Agricultural  Soils  in  the  Weather 
Bureau,  by  order  of  the  Secretary  of  Agriculture  dated  January  2, 
1894.  The  authority  for  this  action  by  the  Secretary  was  a  clause 
in  the  appropriation  act  of  March  3,  1893  (27  Stat.  L.,  734,  743), 
making  provision  “  for  investigations  on  the  relations  of  climate 
to  organic  life.”  The  study  of  the  chemical  properties  of  soils  and 
of  soil  bacteria,  which  had  been  carried  on  since  the  beginning  by 
the  Chemical  Division,  remained  for  a  time  a  function  of  that  unit, 
after  which  the  former  was  transferred  to  the  Bureau  of  Soils  and 
the  latter  to  the  Bureau  of  Plant  Industry.  An  appropriation  act  of 
March  2,  1895  (28  Stat.  L.,  727,  735),  defined  more  specifically 
the  duties  of  the  new  division.  It  made  appropriation  for  “  investi¬ 
gation  of  the  relation  of  soils  to  climate  and  organic  life  ”  and  for 
“  investigation'  of  the  texture  and  composition  of  soils.” 

The  problems  concerning  texture  and  composition  of  soils  which 
the  newly  created  Division  of  Agricultural  Soils  undertook  to  solve 
were  not  new.  Soil  investigations  had  been  in  progress  in  several 
foreign  countries  and  in  the  states  for  nearly  a  century,  but  many 
of  the  problems  had  proven  too  intricate  to  be  solved  by  the  labora¬ 
tory  methods  employed.  Many  attempts  had  been  made  to  classify 
the  soils  according  to  results  obtained  in  studies  of  the  chemical 
and  physical  properties  of  the  soil  in  the  laboratory,  and  many 
maps  had  been  prepared  based  upon  the  geology  of  the  area. 

In  a  report  of  the  Geological  Survey  of  the  County  of  Albany, 
New  York,  made  by  Amos  Eton  and  T.  Romeyn  Beck,  under  the 
direction  of  the  Agricultural  Society  of  that  county  and  published 
by  the  Board  of  Agriculture  of  that  State  in  1820, 31  there  is  given 
a  classification  of  the  soils  of  Albany  County,  which  was  claimed 
in  that  report  to  be  “  the  first  attempt  yet  made  in  this  country  to 
collect  and  arrange  geological  facts  with  a  direct  view  to  the  im¬ 
portance  of  agriculture.”  It  appears  to  have  been  the  first  attempt 
made  to  classify  the  soils  of  any  definite  part  of  this  country.  The 

Memoirs  of  the  Board  of  Agriculture,  New  York,  Vol.  1,  1820. 
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latter  part  of  the  report  consists  of  a  discussion  of  the  “  alluvial 
formations,”  under  which  term  the  authors  included  all  the  soils 
of  the  country.  Similar  geological  and  agricultural  surveys  were 
made  in  other  sections  of  New  York  in  1822  and  1824. 

In  a  study  of  the  geology  around  Philadelphia,  made  in  1826  by 
Gerard  Troost  and  published  under  the  patronage  of  the  Society 
for  the  Promotion  of  Agriculture,  there  is  a  discussion,  in  some 
detail,  of  the  physical  and  chemical  properties  of  soils. 

The  first  map  of  any  state  in  this  country  which  claimed  to  show 
the  character  of  the  soils  was  a  geological  map  of  Massachusetts, 
by  Edward  Plitchcock,  published  in  1841. 32 

In  1846,  there  was  published  33  a  lengthy  discussion  by  Ebenezer 
Emmons,  of  the  characteristics  and  properties  of  the  soils  of  New 
York.  The  same  publication  contained  what  is  believed  to  be  the 
first  agricultural  map  published  in  this  country.  The  same  author 
later  made  similar  investigations  upon  the  geology  and  soils  of 
North  Carolina,  and  in  1858  he  issued  a  report  upon  the  agricul¬ 
ture  of  the  eastern  counties,  and  in  i860,  two  other  reports,  one  of 
which  was  on  the  swamp  lands. 

In  1 854, 34  David  Dale  Owen  and  Robert  Peter  began  a  study  of 
the  chemical  composition  of  the  soils  of  Kentucky  in  connection 
with  the  geological  survey  of  that  state,  which  was  continued  for 
many  years.  This  work  is  regarded  as  marking  the  beginning  of 
the  systematic  study  of  the  soils  of  this  country  by  means  of  chemi¬ 
cal  analysis. 

In  a  description  of  the  agricultural  features  of  Alabama  in  a 
report  of  the  Alabama  Geological  Survey  for  1881-82,  Dr.  Eugene 
A.  Smith  discussed  the  general  physical  and  chemical  properties  of 
soils,  the  processes  by  which  the  soils  have  been  formed,  from  the 
breaking  down  of  the  rocks  and  the  influence  of  the  different  geo¬ 
logical  formations  upon  the  character  of  the  soil  and  upon  the 
agricultural  value  of  the  land. 

In  1882  a  soil  map  of  Wisconsin  was  published  in  connection 
with  a  report  upon  the  geology  of  that  state,  in  which  the  soils  were 

32  Massachusetts  Geological  Survey.  Final  report  on  the  geology  of  Massa¬ 
chusetts,  1841. 

33  Natural  History  of  New  York,  Part  V,  Agriculture  of  New  York,  1846. 

34  [First]  Fourth  report  of  the  Geological  Survey  in  Kentucky  made  during 
the  years  1854  to  1859,  by  David  Dale  Owen,  principal  geologist  [Robert 
Peter,  chemical  assistant].  4  v.  illus.  plates,  tables  and  atlas,  1856-61. 
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classified  according  to  their  physical  characteristics.  This  appears 
to  be  the  first  time  that  such  a  map  was  published  in  this  country. 

The  United  States  Geological  Survey,  in  its  twelfth  annual 
report  (1891)  gave  a  prominent  place  to  an  elaborate  discussion  by 
N.  S.  Shaler,  of  the  origin  and  nature  of  soils  and  their  classifica¬ 
tion  in  so  far  as  it  relates  to  the  processes  by  which  the  soils  have 
been  formed. 

In  1891  Professor  Milton  Whitney  made  an  investigation  of 
the  soils  of  Maryland  for  the  Maryland  Experiment  Station  in 
cooperation  with  the  United  States  Department  of  Agriculture,  the 
report  of  which,  entitled  “  The  Physical  Properties  of  Soils  in  Re¬ 
lation  to  Moisture  and  Crop  Distribution,”  was  published  by  the 
Weather  Bureau.35  In  this  bulletin  Professor  Whitney  called  atten¬ 
tion  to  the  importance  of  the  physical  characteristics  of  the  soil, 
especially  texture,  in  determining  the  amount  of  moisture  that  the 
soil  could  transmit  to  the  crops,  and  consequently  the  suitability  of 
the  soil  to  the  crops. 

The  publication  of  the  results  of  Whitney’s  investigations  by 
the  Department  of  Agriculture  was  followed,  in  1894,  by  the  estab¬ 
lishment  of  a  permanent  unit  for  carrying  on  this  soil  work,  and 
by  the  appointment  of  Professor  Whitney  as  its  directing  head  on 
March  3,  1894. 

Professor  Whitney  remained  at  the  head  of  this  Division  and  of 
the  Bureau  of  Soils  until  June,  1927,  when  he  was  succeeded  by 
Dr.  A.  G.  McCall,  who  served  as  chief  until  the  Bureau  of  Soils 
was  united  with  the  Bureau  of  Chemistry  in  the  Bureau  of  Chem¬ 
istry  and  Soils  on  July  1,  1927. 

The  original  object  of  the  Division  of  Agricultural  Soils  was  to 
supplement  the  work  of  the  Weather  Bureau  by  studies  of  the 
relation  of  climatic  conditions  of  moisture  and  temperature  under 
the  surface  of  the  ground  to  the  local  distribution  of  crops.  As 
the  water  supply  of  the  soil  needed  for  vegetation  depends  not  only 
upon  the  quantity  of  rainfall,  but  also  upon  the  texture  of  the  soil 
in  permitting  the  rainfall  to  enter  and  be  retained  in  the  soil,  there 
arose  the  need  of  classifying  the  soils  according  to  their  water¬ 
holding  capacity.  This  constituted  the  original  work  of  the  newly 
created  division. 


S5  Weather  Bureau  Bulletin,  No.  4,  August,  1892. 
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During  the  first  fiscal  year  of  its  existence  under  the  Weather 
Bureau  the  work  of  the  Division  of  Agricultural  Soils  consisted  of 
the  examination  and  classification  of  the  soils  of  some  of  the  prin¬ 
cipal  agricultural  areas  in  the  country  with  regard  to  geological 
formation,  texture,  relative  moisture  content,  and  character  of 
vegetation ;  the  working  out  of  methods  for  the  study  of  the 
physical  properties  of  soils  and  the  effects  of  fertilizers  thereon; 
keeping  a  record  of  the  daily  amount  of  moisture  in  typical  soils 
of  the  different  formations ;  and  cooperation  with  a  number  of 
states  in  the  study  of  their  local  soils  and  the  adaptation  of  soils  to 
particular  crops.  Most  of  these  became  continuous  activities  of  the 
Division  of  Soils  and  of  the  Bureau  of  Soils. 

On  account  of  the  importance  of  this  soil  work,  the  Secretary  of 
Agriculture,  in  his  annual  report  for  the  fiscal  year  1894,  recom¬ 
mended  that  this  division  be  taken  out  of  the  Weather  Bureau  and 
established  as  an  independent  division  in  the  Department  of  Agri¬ 
culture.  Accordingly  the  appropriation  act  of  March  2,  1895  (28 
Stat.  L.,  727,  735),  which  came  into  effect  July  1,  1895,  recognized 
the  Division  of  Agricultural  Soils  as  a  distinct  unit,  charged  with 
the  duty  of  investigating  certain  broad  general  subjects  relating 
to  soils.  A  separate  building  near  the  Department  of  Agriculture 
was  rented  and  fitted  up  for  its  use.  The  name  was  changed  to 
Division  of  Soils  in  1897,  and  to  Bureau  of  Soils,  July  1,  1901. 

Separate  annual  appropriations  were  made  for  the  Bureau  of 
Soils  until  the  creation  of  the  Bureau  of  Chemistry  and  Soils  on 
July  1,  1927. 

The  item  of  appropriation  in  the  act  of  March  2,  1895,  which 
first  recognized  this  unit,  made  provision  for  “  Investigation  of  the 
relation  of  soils  to  climate  and  organic  life ;  for  the  investigation 
of  the  texture  and  composition  of  soils,  in  the  field  and  laboratory ; 
the  location  of  stations,  and  the  rent  of  a  building  .  .  .  for  office 
and  laboratory  purposes ;  the  employment  of  local  and  special 
agents  and  other  labor  required  in  conducting  experiments ;  the 
preparation  of  drawings  and  illustrations ;  for  materials,  tools, 
instruments,  apparatus,  and  supplies,  and  for  traveling  expenses, 
freight  and  express  charges,  $15,000.”  The  item  defining  in  gen¬ 
eral  terms  these  activities  was  repeated  each  year  until  the  practice 
of  making  appropriations  for  scientific  activities  was  begun  in 
1912. 
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In  1889  the  Division  of  Soils,  in  cooperation  with  the  Division 
of  Chemistry,  began  studies  of  the  chemical  composition  of  impor¬ 
tant  types  of  soil  and  of  the  relative  solubility  of  the  soil  solvents, 
in  order  to  throw  light  upon  the  mineral  constituents  and  upon  the 
relative  availability  of  the  mineral  constituents  for  plant  foods.  In 
carrying  on  this  work  use  was  made  of  a  collection  of  over  four 
thousand  soil  samples  obtained  by  the  Division  of  Soils  in  the 
United  States  and  in  foreign  countries. 

An  appropriation  act  of  March  2,  1889  (25  Stat.  L.,  835,  841), 
provided  that,  as  far  as  practicable,  all  experiment  stations  “  shall 
devote  a  portion  of  their  work  to  the  examination  and  classification 
of  the  soils  of  their  respective  states  and  territories  with  a  view  to 
securing  more  extended  knowledge  and  better  development  of  their 
agricultural  capabilities/’  The  Bureau  of  Chemistry  and  Soils  and 
its  predecessors  have  since  had  the  cooperation  of  these  state 
stations. 

Outstanding  Activities  of  the  Soils  Unit.  The  former  soils  unit 
of  the  Department  which  was  originally  designated  as  the  Division 
of  Agricultural  Soils,  later  as  the  Division  of  Soils,  and  from  1901 
to  1927  as  the  Bureau  of  Soils  has  engaged  in  many  activities 
during  the  period  of  its  existence.  Following  are  brief  historical 
accounts  of  the  outstanding  projects  undertaken : 

Soil  Surveys.  In  1898  the  Division  of  Soils  began  the  investiga¬ 
tional  work  concerning  the  character  and  relationship  of  soils  in  the 
field.  The  actual  work  of  the  field  mapping  of  soils,  carried  on  by 
the  Soil  Survey  in  cooperation  with  other  bureaus  and  state  organi¬ 
zations,  began  the  following  year  and  has  been  carried  on  to  the 
present  time. 

This  work  comprises  the  construction  of  a  soil  map  of  the 
United  States ;  the  preparation  of  reports  containing  descriptive 
matter  relating  to  the  soils,  their  character,  origin,  and  value  for 
crops,  and  to  the  agricultural  conditions  found  in  each  area  sur¬ 
veyed  ;  the  preparation  of  maps  showing  the  distribution  of  the 
soils ;  and  the  dissemination  of  information  relating  to  the  use  of 
soils.  The  expenses  for  this  work,  which  required  considerable 
field  service,  were  met  out  of  the  general  appropriations  for  the 
Division  of  Soils  until  1909,  which,  though  meager  in  the  beginning, 
have  been  increased  very  materially  from  time  to  time  since  the 
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promotion  of  the  Division  to  the  Bureau  status  in  1901.  At  the  end 
of  the  fiscal  year  1901,  9082  square  miles,  or  5,812,480  acres  had 
been  surveyed  and  mapped. 

During  the  fiscal  year  1896,  a  bulletin  was  prepared  by  the 
Division,  with  thirty-six  illustrations,  showing  graphically  the  dif¬ 
ference  in  texture  of  soils  of  some  of  the  most  important  types  of 
land.  It  demonstrated  that  most  of  the  agricultural  crops  are 
adapted  to  soils  of  certain  texture  differing  greatly  for  various 
crops.  Three  other  bulletins  were  issued  showing  the  daily  amount 
of  moisture  maintained  by  a  number  of  these  different  soils,  both 
with  and  without  crops  growing  on  them  and  with  different 
methods  of  cultivation. 

A  joint  resolution  of  Congress  approved  February  23,  1901  (31 
Stat.  L.,  1462),  authorized  the  printing,  annually,  of  the  report  of 
the  field  operations  of  the  Bureau  of  Soils,  and  the  second  report, 
for  the  calendar  year  1900,  was  published  soon  after.  The  first 
report  for  1899  was  issued  as  a  document  of  the  Secretary’s  office. 
In  addition  to  the  report  of  the  field  operations,  the  soil  surveys 
were  later  published  also  in  separate  advance  sheet  form  as  each 
survey  was  complete. 

In  1909  a  specific  appropriation  was  made  for  the,  first  time  for 
the  investigation  of  soils  and  foi4  indicating  upon  maps  and  plats, 
by  coloring  or  otherwise,  the  results  of  such  investigations, 
$137,360.”  This  item  of  appropriation,  in  modified  form,  has  been 
carried  in  each  annual  appropriation  act  since  that  time,  being 
gradually  increased,  until  for  1928  it  amounted  to  $237,515. 
In  1901,  when  the  Division  was  reorganized  into  a  Bureau,  the  in¬ 
creased  appropriations  made  by  Congress  enabled  the  Bureau  to 
enlarge  very  greatly  the  scope  of  its  work. 

The  Bureau  of  Soils  in  cooperation  with  the  Forest  Service  in 
1912  began  a  project  of  classifying  and  segregating  agricultural 
lands  in  the  national  forests  which  has  been  continuous,  and  the 
next  year  a  specific  appropriation  was  made  for  “  the  examination 
and  classification  of  agricultural  lands  in  forest  reserves,  in  cooper¬ 
ation  with  the  Forest  Service,”  an  item  which  was  repeated 
annually  until  the  close  of  1927. 

When  the  soil  survey  work  was  begun  it  was  with  the  assumption 
that  the  determination  of  the  texture  of  the  surface  six-inch  layer 
and  the  geology  of  the  underlying  material  constituted  the  proper 
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method  of  attack.  In  time  it  became  evident  that  there  were  many 
soil  features  that  could  not  be  brought  into  harmony  with  pre-exist¬ 
ing  assumptions,  and  that  the  fundamental  work  to  be  done  was 
the  accumulation  of  a  great  fund  of  actual  soil  knowledge  by  means 
of  the  study  of  the  soil  as  it  actually  exists  in  its  many  manifesta¬ 
tions.  This  policy  has  existed  for  some  time,  and  increasing  em¬ 
phasis  has  been  placed  on  the  fundamental  importance  of  soil 
knowledge  rather  than  on  any  assumed  relation  of  soil  character  to 
geology,  physiography,  climate,  natural  vegetation,  or  other  force 
or  condition  outside  the  soil  itself. 

The  following  statement  prepared  for  this  monograph  by  Dr. 
Curtis  F.  Marbut,  Chief  of  the  Soil  Survey  Division  of  the  Bureau 
of  Chemistry  and  Soils,  traces  the  development  of  soil  survey  ideas 
from  the  beginning  to  the  present  time : 

The  idea  of  Soil  Survey,  so  far  as  it  concerned  the  soils  of  the 
United  States,  originated  with  Milton  Whitney.  So  far  as  it  con¬ 
cerned  the  differentiation  of  soils  in  any  considerable  detail  other 
than  a  very  general  differentiation  made  by  the  German  Geological 
Survey,  and  a  still  broader  mapping  and  differentiation  made  by 
the  Russians,  it  originated  with  him  for  the  world.  At  the  time 
the  mapping  was  begun,  however,  by  Whitney,  he  did  not  know  of 
the  work  of  the  Germans  and  the  Russians,  but  if  he  had  known  of 
it,  it  would  not  have  furnished  a  basis  for  the  work  which  he  did 
afterward. 

His  work  at  the  Maryland  Experiment  Station  in  the  middle 
nineties  had  convinced  him  that  the  productivity  of  the  soils  in  this 
region  is  dependent  largely  on  soil  texture.  He  conceived  the  idea 
of  making  a  soil  survey  and  differentiating  the  soils  therefore  on 
the  basis  of  texture,  the  differentiation  and  mapping  to  be  done 
from  the  agricultural  standpoint.  He  did  not  have  any  idea  of  the 
importance  of  such  work  and  the  wide  ramifications  into  which 
such  work  might  run  if  done  on  a  purely  scientific  basis  without 
reference,  or  with  only  incidental  reference  to  agriculture. 

The  work  was  begun  therefore,  as  a  differentiation  of  soils  on 
the  basis  of  the  fineness  or  coarseness  of  the  particles  of,  which  the 
soil  is  made,  and  this  referred  mainly  to  the  fineness  or  coarseness 
of  the  material  in  the  surface  layer  of  the  soil,  or  the  plow  zone. 
Work  was  started  in  1899  by  the  survey  of  a  small  area  in  Virginia. 
Money  was  obtained  during  that  winter  for  doing  the  work  on  a 
larger  scale,  and  very  little  work  in  the  field  soon  convinced  the 
surveyors  that  there  are  characteristics  of  soils,  other  than  texture, 
of  very  great  importance,  even  though  they  may  not  have  con¬ 
sidered  them  of  equal  importance  with  texture.  By  the  force  of 
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contact,  therefore,  other  characteristics  were  added  to  the  texture 
as  a  basis  for  soil  differentiation.  The  most  important  of  these  is 
color. 

The  work  was  done  in  great  detail  from  the  beginning.  No  one 
had  any  intention  or  even  thought  of  the  desirability  of  differentiat¬ 
ing  the  soils  first  on  general  characteristics  and  mapping  them  in 
broad  groups  and  then  breaking  these  up  into  smaller  groups,  and 
finally  working  them  down  into  minute  details.  The  only  idea  was 
to  differentiate  them  and  map  them  in  detail  from  the  beginning. 

It  is  a  relatively  simple  matter  to  differentiate  soils  or  trees,  or 
geological  formations,  or  any  other  group  of  bodies  within  a 
restricted  area  on  the  basis  of  simple  observable  characteristics. 
When  any  small  area  of  soils,  for  example,  has  been  differentiated 
on  such  a  basis,  it  is  equally  simple  to  go  to  some  other  area  and 
differentiate  them  on  the  same  basis,  with  no  reference  whatever 
to  the  units  differentiated  in  the  first  area.  Maps  produced  by  such 
work  showed  the  relationships  of  soils  within  each  of  the  areas,  but 
did  not  show  the  relationships  of  soils  of  one  area  to  those  in 
another.  It  was  soon  realized,  however,  that  the  work  of  the  Soil 
Survey  consisted  of  making  ultimately  a  soil  map  of  the  United 
States ;  that  a  soil  map  of  the  United  States  should  be  a  soil  map  of 
the  entire  country  and  not  a  series  of  isolated  soil  maps  of  small 
areas  within  the  United  States,  even  though  these  small  areas  when 
joined  together  covered  the  whole  United  States ;  that  a  soil  map 
of  the  United  States  must  be  constructed  on  a  basis  which  promotes 
and  correlates  the  soils  over  the  whole  area  and  shows  their  rela¬ 
tionships  to  one  another  however  widely  apart  areas  of  the  same 
soil  may  be  found  to  occur.  The  same  soil  must  be  identified  and 
recognized  as  the  same  soil  wherever  it  may  occur.  A  soil  map  con¬ 
structed  on  any  other  basis  would  have  no  value,  except  purely  local, 
and  could  not  therefore  be  regarded  as  a  soil  map  of  the  United 
States. 

This  fact  was  realized  long  before  enough  work  had  been  done 
in  the  country  to  make  it  possible  to  relate  these  soils  one  to  another 
on  the  basis  of  the  characteristics  of  the  soils  themselves,  simply 
because  they  had  not  yet  been  studied  sufficiently  to  determine 
their  characteristics  over  a  wide  area.  In  fact,  only  a  few  of  the 
characteristics  had  been  examined  in  the  earlier  mapping,  and 
therefore  the  units  differentiated  were  based  necessarily  on  those 
few  characteristics.  Notwithstanding  this  fact,  however,  it  became 
necessary  early  in  the  work  to  relate  the  soils  in  separate  projects 
to  one  another ;  there  being  no  good  soil  basis  on  which  to  do  this 
because  of  the  absence  of  soil  knowledge  it  was  necessary  to  do  it 
on  the  basis  of  some  condition,  process,  force  or  feature  not  neces¬ 
sarily  concerned  with  the  soil,  but  of  course  one  that  was  thought 
to  have  a  soil  relationship. 
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Ever  since  the  development  of  the  science  of  geology  it  had  been 
assumed  by  geologists  and  by  most  other  people  that  there  was  a 
very  close  relationship  between  the  geology  of  the  region  and  the 
characteristics  of  its  soils.  The  geological  formations  of  the  region 
therefore  furnished  a  basis  for  grouping  the  soils  in  the  early  work 
of  the  Soil  Survey.  A  so-called  province  map  was  constructed  in 
1907  or  1908  on  the  basis  almost  entirely  of  geological  character¬ 
istics  with  practically  no  reference  whatever  to  soil  characteristics 
and  for  several  years  after  that  the  soils  were  related  one  to  another 
in  separate  areas  on  the  basis  of  the  geological  features  as  outlined 
in  that  so-called  province  map.  This  map  showed,  for  example,  a 
Glacial  and  Loessial  soil  province  occupying  the  northern  part  of 
the  United  States.  It  extended  from  the  Atlantic  Coast  in  the 
Northeastern  States  westward  to  Montana.  It  included  in  one  soil 
province,  therefore,  the  soils  of  the  Northeastern  States,  the  soils 
of  Indiana,  those  of  Iowa,  those  of  the  Dakotas,  and  those  of 
northern  Montana.  It  showed  a  soil  province  designated  as  the 
Coastal  Plain  province  extending  from  Long  Island  to  West  Texas, 
and  the  presumption  on  which  the  map  was  based  was  that  the  soils 
throughout  each  of  these  regions  had  important  characteristics  in 
common. 

Work  on  this  basis  was  done  for  many  years,  in  fact  up  to 
about  1917.  For  a  number  of  years  previous  to  that,  however,  it 
was  realized  that  the  soils  of  the  Glacial  and  Loessial  province  were 
much  more  widely  different  in  their  characteristics  in  different 
parts  of  this  province  than  many  soils  in  two  entirely  different 
provinces.  Realizing  this,  it  was  forced  upon  our  recognition  that 
such  a  soil  province  differentiation  had  no  scientific  value.  If  it 
had  any  important  scientific  value  it  necessarily  would  mean  that 
the  soils  within  any  given  province  would  be  more  closely  related 
one  to  another  than  soils  in  an  entirely  different  province.  While 
it  was  realized  that  this  basis  of  mapping  did  not  show  the  true 
relationship  of  the  soils  one  to  another,  yet  it  took  many  years  to 
determine  where  the  difficulty  lay,  and  to  find  a  better  basis  for  the 
determination  of  soil  relationships. 

In  this  connection  it  should  be  emphasized  that  I  am  now  dis¬ 
cussing  the  question  of  relationships  of  soils  mapped  in  different 
projects.  The  mapping  of  the  soils  within  any  given  project  was 
not  affected  by  this  attempt  to  establish  a  relationship  between  soils 
in  different  projects  that  did  not  exist.  Not  only  was  this  province 
map  based  on  an  erroneous  conception  of  the  relation  of  soil  char¬ 
acteristics  to  geological  formations,  but  it  had  an  unfortunate 
influence,  or  tended  to  have,  and  in  many  cases  did  have  on  the 
effectiveness  of  soil  study  in  the  field.  As  long  as  the  student  of 
the  soil  in  the  field  was  impressed  with  the  idea  that  soil  differen¬ 
tiation  depended  to  a  great  extent  on  the  character  of  the  geological 
formations  from  which  the  soil  had  developed,  he  would  be  inclined 
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to  study  the  geology  of  the  region  rather  than  its  soils.  He  would 
be  inclined  in  the  study  of  any  exposure  to  examine  the  material 
at  the  bottom  of  the  cut  rather  than  at  its  top,  yet  it  is  perfectly 
obvious  that  the  soil  lies  at  the  top  of  any  excavation  rather  than  at 
the  bottom.  The  province  map  tended,  therefore,  to  misdirect  the 
attention  of  the  student  who  was  studying  the  soils  in  the  field 
from  the  soil.  This  had  necessarily  rather  serious  consequences. 

In  1914  a  book  on  the  great  soil  groups  of  the  world  and  their 
characteristics  and  development  was  published  in  Berlin.  This 
book  described  the  work  in  soil  investigations  done  by  the  Russians 
up  to  that  time.  One  or  two  copies  reached  this  country  before  the 
war  broke  out.  No  other  copies  reached  it  until  after  the  war  was 
over.  One  copy  reached  the  Library  of  the  Department  of  Agri¬ 
culture  in  the  latter  part  of  1914,  and  during  the  years  1914,  1915, 
and  1916  it  was  studied  and  translated  in  the  Department  of  Agri¬ 
culture.  Its  influence,  however,  did  not  extend  to.  the  work  of  the 
Soil  Survey  to  a  very  great  extent  until  after  1917.  Probably  the 
most  important  direction  in  which  this  book  affected  the  work  of 
the  Soil  Survey  was  in  its  emphasis  on  the  study  of  the  soil  itself 
rather  than  on  the  study  of  the  geological  material  beneath  the  soil. 
It  showed  that  the  soil  itself  had  characteristics  of  its  own  which 
have  been  superimposed  or  impressed  upon  it  since  the  material 
out  of  which  it  has  been  made  was  a  geological  formation.  It 
showed  that  the  soil  has  been  so  profoundly  changed  in  becoming 
a  soil  that  it  differs  in  a  great  many  respects,  and  to  a  very  great 
extent  from  its  parent  geological  material.  It  showed  that  the  study 
of  the  soil  as  soil  and  without  other  than  mere  incidental  reference 
to  the  geological  formations  beneath  it  yields  results  of  the  very 
greatest  value.  It  did  not  necessarily  show  that  the  soils  in  Russia 
as  they  were  described  were  identical  with  those  of  the  United 
States,  and  that  all  we  had  to:  do  wras  to  identify  those  soils  in  this 
country  and  rest  with  that,  but  it  showed  the  valuable  results  that 
could  be  obtained  from  the  study  of  the  soil  as  soil.  This  gave  a 
new  direction  to  the  work  of  the  Soil  Survey.  We  had  been 
groping  for  a  long  time  in  the  dark,  so  to  speak,  and  had  realized, 
as  I  stated  above,  that  the  basis  of  our  broad  grouping  was  natu¬ 
rally  insufficient,  but  we  had  not  yet  worked  out  a  means  of  improv¬ 
ing  it.  We  now  turned  our  attention'  to  the  study  of  the  soil  itself 
in  a  very  great  detail  and  accumulated  by  that  means  a  great  mass 
of  soil  facts  rather  than  geological  facts,  and  it  is  on  the  basis  of 
these  that  our  present  establishment  of  the  relationships  of  soils  in 
widely  separated  areas  is  founded. 

On  the  basis  of  the  results  of  this  extremely  large  mass  of  soil 
data  that  have  been  collected  not  merely  since  1917  but  of  the  soil 
data  collected  before  1917,  although  it  was  done  more  or  less  inci¬ 
dentally,  we  have  been  able  to  formulate  or  establish  a  few  im¬ 
portant  relationships  of  soils. 
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The  Conception  of  Stage  in  Soil  Development.  When  the  char¬ 
acteristics  of  soils  as  accumulated  by  the  work  of  the  Soil  Survey 
are  examined  in  a  cursory  way  it  seems  that  they  vary  in  an  entirely 
unsystematic  way,  that  they  are  infinite  in  number  or  variety  with 
no  relationships  one  to  another.  When,  however,  they  are  thor¬ 
oughly  studied  and  analyzed  we  have  found  that  soil  variations 
may  be  grouped  into  two  great  groups.  It  has  been  found  that 
within  any  given  region  which  may  comprise  a  number  of  states 
but  which  on  the  basis  of  our  experience  always  lies  within  and 
comprises  the  area  included  within  a  single  geographic  environ¬ 
ment,  the  soils,  whatever  may  be  the  number  present,  have  a  very 
definite  relation  to  each  other.  It  has  been  found  that  this  relation 
is  best  expressed  as  a  relation  identical  with  that  of  undeveloped 
or  partially  developed  bodies  to  fully  developed  bodies.  This  is 
equivalent  to  a  relationship  of  infantile  or  immature  to  mature  or 
fully  developed  bodies.  An  abundance  of  data  shows  that  within 
every  given  region  certain  of  the  soils  must  be  regarded  as  fully 
developed  or  mature  soils,  and  all  of  the  rest  of  the  soils  in  that 
region  must  be  regarded  as  immature  soils,  all  of  which  are  in 
progress  of  development  in  the  direction  of  the  mature  soils,  so  that 
such  characteristics  as  they  have  are  essentially  identical  with  the 
characteristics  possessed  by  the  mature  soil,  but  any  immature  soil 
will  not  necessarily  contain  all  the  characteristics  of  the  maturely 
developed  soil,  nor  will  those  characteristics  present  in  it  which 
occur  in  the  mature  soil  have  the  same  definiteness  of  expression 
as  the  same  characteristics  in  the  mature  soil.  This  has  forced  upon 
us  the  idea  of  soil  development  from  an  initial  or  infantile  stage  to 
a  mature  stage.  There  is  also  a  suggestion  that  soils  may  develop 
beyond  the  mature  stage  and  attain  an  older  stage  of  development. 
Not  only  has  this  forced  upon  us  the  idea  that  soils  have  this  rela¬ 
tionship  one  to  another  within  a  given  region,  but  it  has  determined 
the  point  of  view  and  the  basis  on  which  the  soils  are  differentiated 
one  from  another  in  any  given  region. 

While  the  soils  within  any  given  region  vary  in  a  definite  rela¬ 
tionship  one  to  another,  yet  it  has  been  shown  by  the  soil  knowledge 
accumulated  by  the  Soil  Survey  that  the  mature  soils  or  fully 
developed  soils  in  different  regions  are  not  alike.  A  mature  soil 
in  one  region  will  have  characteristics  entirely  different  from 
mature  soils  in  another  region.  This  is  the  second  kind  of  variation 
referred  to  above  which  we  find  in  soil  characteristics.  This  is  a 
variation  not  in  stage  of  development  but  a  variation  in  fundamen¬ 
tal  kind.  The  mature  soils  in  one  geographic  region  or  environment 
do  not  develop  into  those  of1  another  geographic  region,  at  least  as 
long  as  the  geographic  environment  remains  constant. 

We  have,  therefore,  soil  variations  which  are  local  and  which  are 
related  one  to  another  in  such  a  way  as  to  show  that  they  represent 
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the  various  stages  in  the  development  toward  a  single  type.  We 
have  also  variations  between  the  fully  developed  soils  which  are 
entirely  different  in  their  fundamental  nature. 

The  Solum.  The  intensive  study  of  the  soil  as  soil,  and  the 
accumulation  of  the  great  mass  of  soil  facts  has  shown  clearly,  and 
much  more  clearly  than  was  ever  realized  before,  the  fundamental 
difference  between  the  soil  and  especially  the  fully  developed  or 
mature  soil  as  was  defined  above,  and  the  parent  material  from 
which  the  soil  was  derived  lying  beneath  it.  These  results  and  their 
analysis  have  clarified  our  conception  of  the  relationship  of  soils 
to  geological  formations.  We  now  see  clearly  that  the  disintegra¬ 
tion  of  rocks,  whether  the  disintegrated  product  be  left  in  place, 
or  whether  it  be  removed  from  the  place  where  it  accumulated  by 
disintegration  and  deposited  in  some  other  place,  is  a  geological 
process  and  not  a  soil-making  process.  It  is  only  after  a  certain 
amount  of  this  material  has  been  accumulated,  especially  the  mate¬ 
rial  accumulated  by  sedimentation  that  soil  making  processes  begin 
their  operation.  While  it  is  true  that  the  disintegrating  processes, 
or  to  state  the  matter  another  way,  the  process  of  accumulation  of 
soil  material  by  disintegration  operates  at  the  same  time  that  the 
process  of  soil  making  is  in  operation,  especially  in  the  case  of  soils 
derived  from  what  was  formerly  called  residual  material,  yet  the 
two  processes,  the  soil-making  process  and  the  geological  process 
of  accumulating  soil  material  are  distinct  things,  and  for  clear 
thinking  must  be  kept  separate.  The  recognition  of  this  relation¬ 
ship  has  resulted  in  the  designation  of  the  soil  layer  as  distinct  from 
the  disintegrated  product  beneath  it  as  the  solum.  The  latter  is 
rarely  more  than  6  or  8  feet  in  thickness,  and  beneath  it  lies  not 
soil,  even  though  it  be  glacial  material,  or  even  though  it  be  sedi¬ 
mentary  material,  or  even  though  it  be  disintegrated  rock  material, 
it  is  geological  material  pure  and  simple,  while  the  soil  is  the 
material  lying  on  top  of  it.  The  study  of  this  true  soil  and  the 
determination  of  all  its  characteristics  has  shown  that  it  differs 
from  the  soil  material  beneath  it  lying  generally  within  less  than 
5  feet  from  the  surface  in  chemical  composition,  structure,  color, 
texture,  number  and  arrangement  of  parts  and  in  general  mor¬ 
phology.  In  fact,  it  differs  from  the  geological  material  lying  be¬ 
neath  it  which  constituted  undoubtedly  the  parent  material,  in 
most  of  its  characteristics.  This  has  resulted  in  the  clear  conception 
of  the  soil  on  the  one  hand  and  the  parent  material  on  the  other, 
and  the  term  parent  material  is  not  to  be  applied  merely  to  the 
consolidated  rock  beneath  the  soil,  but  may  be  applied  equally  well 
to  the  disintegrated  product  of  that  consolidated  rock  underlying 
the  true  soil. 

Soil  Anatomy.  The  intensive  study  of  soil  characteristics  as  soil 
characteristics  has  shown  clearly  that  the  soil  is  made  up  of  definite 


HISTORY 


97 


and  distinct  parts  or  layers  which  have  been  impressed  upon  it  or 
created  in  it  during  the  progress  of  its  development,  and  as  the 
product  of  soil  developing  processes  wholly  independent  of  the 
geological  layers  which  may  have  been  in  that  material  before  it 
developed  as  a  soil.  The  soil,  therefore,  has  definite  and  distinct 
parts  which  are  soil  features  and  not  geological  features.  This 
had  led  to  the  conception  of  an  anatomy  of  the  soil,  and  this  con¬ 
ception  in  turn  has  led  to  the  recognition  that  just,  as  in  the  study 
of  all  natural  bodies  their  investigations  must  be  carried  on  if  that 
investigation  yield  significant  results  wholly  with  reference  to  this 
anatomy.  If,  for  example,  the  zoologist  desires  to  study  the  com¬ 
position  of  a  given  animal  he  does  not  mix  the  material  of  the 
whole  animal  and  determine  its  composition  and  rest  satisfied  with 
that,  but  he  selects  the1  various  parts  which  constitute  the  anatomy 
of  the  animal  and  determines  the  composition,  or  the  structure  as 
to  that  matter,  or  any  other  characteristic  of  that  part,  rather  than 
of  the  whole  animal.  In  the  same  way  soil  investigation  must  be 
carried  on  on  the  basis  of  an  investigation  of  the  various  parts  in 
the  soil’s  anatomy.  This  had  made  it  clear  that  the  investigation  of 
soils  in  the  field  and  the  resulting  determination  of  their  anatomy 
and  structure  constitutes  the  absolute  fundamental  basis  for  the 
orientation  for  all  other  kinds  of  investigation^  concerning  the  soil. 
The  chemistry  of  the  soil  has  little  significance  as  such,  but  it  has 
very  great  significance  as  the  chemistry1  of  the  various  horizons  or 
parts  of  the  soil  profile  or  section  as  it  is  called. 

Soils  and  Their  Geographic  Environment.  The  study  of  the  soil 
characteristics  and  the  accumulation  of  the  great  mass  of  facts  con¬ 
cerning  them  all  over  the  area  of  continent,  such  as  that  of  North 
America,  has  enabled  us  to  construct  a  new  soil  province  map,  not 
like  the  old  one  based  on  geology,  or  as  some  others  have  been  con¬ 
structed  based  on  other  factors  lying  entirely  outside  of  the  soil, 
but  on  the  basis  of  differences  in  soil  character  as  such.  It  has  been 
possible  to  construct  not  merely  one  province  map,  but  a  series  of 
soil  province  maps  showing  the  distribution  of  soils  grouped  on  the 
basis  of  the  varying  number  of  soil  characteristics.  For  example, 
it  is  now  possible  on  the  basis  of  soil  characteristics  alone  to  group 
all  the  soils  of  the  United  States  into  two  great  groups.  It  has 
long  been  recognized  as  desirable  that  this  be  done,  but  under  the 
dominance  of  the  old  geological  ideas  regarding  the  soil,  they  were 
grouped  into  what  were  called  residual  soils  and  transported  soils. 
We  now  know  that  those  terms  referred  not  to  the  soil  at  all,  but  to 
the  parent  material  from  which  the  soils  were  derived,  and  re¬ 
ferred  to  the  processes  by  which  that  geological  material  was 
accumulated.  It  had  no  significance  whatever  regarding  soil  char¬ 
acteristics.  It  had  no  relationship  to  the  soil  environment,  and  the 
map  showing  the  distribution  of  residual  material  and  of  sedimen- 
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tary  material  would  have  no  significance  whatever  as  to  the  char¬ 
acteristics  of  the  soils  which  have  developed  from  that  material  in 
the  various  places  or  various  parts  of  the  United  States.  We  can 
now  divide  the  soils  of  the  United  States  into  two  great  groups, 
one  in  which  during  the  progress  of  soil  development  and  as  the 
result  of  the  process  of  soil  development  regardless  of  the  character 
of  the  parent  material  there  has  been  accumulated  on  some  horizon 
in  the  soil  profile  a  zone  of  lime  carbonate  accumulation.  The  other 
group  consists  of  soils  in  which  there  is  not  only  no  lime  carbonate 
accumulated  but  such  lime  carbonate  as  may  have  been  present  in 
the  parent  material  has  been,  by  the  time  maturity  of  soil  develop¬ 
ment  has  been  reached,  entirely  eliminated  from  the  true  soil  section 
or  profile.  These  two  groups  are  based  entirely  on  soil  character¬ 
istics  and  have  no  relation  whatever  to  geological  formations. 

These  two  great  groups  may  be  still  further  broken  up  into  sub¬ 
ordinate  groups  on  the  basis  of  true  soil  characteristics.  The  groups 
of  this  second  order  may  be  still  further  broken  up  on  the  basis  of 
soil  characteristics  into  groups  of  the  third  order,  and  so  on  down 
on  the  basis  of  soil  characteristics  alone  until  a  final  soil  unit  has 
been  reached. 

Soil  maps  of  various  degrees  of  detail  may  be  constructed,  there¬ 
fore,  depending  upon  whether  we  designated  on  them  the  soil  unit, 
or  groups  of  the  fifth,  or  groups  of  the  fourth,  third,  second,  or 
first  order.  If  the  soil  map  be  based  on  two  great  groups  it  will 
therefore  contain  only  two  soils.  If  it  be  based  on  groups  of  the 
second  order  it  will  contain  in  the  United  States  about  nine  or  ten 
soils.  If  it  be  based  on  groups  of  the  third  order  it  will  contain  a 
still  larger  number,  and  so  on  down  until  we  reach  the  final  soil 
unit.  The  soil  maps  based  on  the  soil  groups  of  the  first  or  second 
order  may  be  considered  soil  province  maps,  and  the  picture  which 
they  present  is  an  entirely  and  fundamentally  different  one  from 
the  picture  of  the  soil  provinces  as  outlined  on  a  province  map 
based  on  a  geological  definition  of  soils. 

Soil  science  has  become  soil  science  with  its  own  methods,  its 
own  point  of  view  and  generalizations  based  on  its  own  facts,  and 
not  facts  brought  in  from  some  outside,  even  though  closely  re¬ 
lated,  science. 

Soil  Studies  Abroad.  At  the  request  of  the  State  Department  a 
party  from  the  soil  survey  was  sent  to  Central  America,  in  the 
spring  of  1919,  for  the  purpose  of  making  an  economic  survey  of 
parts  of  Guatemala  and  Honduras.  This  survey  covered  an  area 
of  twelve  thousand  square  miles. 

From  April  1  to  July  1,  1922,  an  employee  of  the  Bureau  visited 
Czecho-Slovakia,  Hungary,  Rumania,  Yugoslavia,  Italy,  Greece, 
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Germany,  and  England,  studying  the  soils  of  those  countries  and 
collecting  samples  of  typical  soils. 

As  a  result  of  a  cooperative  arrangement  made  between  the 
Bureau  of  Soil  and  the  Tropical  Plant  Foundation  for  the  study 
of  the  soils  of  Cuba,  an  inspector  of  the  Bureau  was  authorized  in 
January,  1924,  to  proceed  to  Cuba  and  gather  soil  data  needed  by 
the  Foundation  in  locating  and  establishing  test  farms  to  be  used 
in  a  study  of  sugar  cane  production  in  the  island.  The  information 
obtained  through  this  work  which  was  carried  on  for  several  years 
was  useful  in  the  work  of  classifying  soils  and  in  improving  crop 
production  in  the  island.  The  Bureau  benefited  through  the  samples 
collected  and  the  general  soil  data  accumulated,  and  the  work  is 
expected  to  benefit,  greatly,  our  nationals  engaged  in  sugar  produc¬ 
tion  in  Cuba. 

Information  was  supplied,  in  1924,  to  the  Department  of  Com¬ 
merce  regarding  the  soils  of  American  countries  to  the  south,  the 
data  to  be  used  in  the  preparation  of  a  report  on  the  possibilities  of 
rubber  production  in  the  West  Indies  and  Central  and  South 
America. 

Soil  Surveys  in  Reclamation  Projects.  In  1924  a  fact-finding 
committee  appointed  by  the  Secretary  of  the  Interior  to  investigate 
the  status  and  future  policies  of  the  Reclamation  Service  having 
before  it  the  results  of  soil  survey  work  which  had  been  carried  on 
cooperatively  for  several  years  on  pending  and  completed  reclama¬ 
tion  projects,  recommended  that  no  additional  work  should  be  done 
on  old  projects  and  that  no  new  projects  should  be  begun  until  the 
soils  should  have  been  carefully  studied  and  their  suitability  for 
farming  passed  upon  by  soil  men  of  broad  regional  experience. 

In  the  same  year  the  Office  of  Indian  Affairs  requested  the  Bu¬ 
reau  of  Soils  to  make  examinations  of  some  of  its  proposed  projects 
in  order  to  determine  the  character  of  the  soil  before  incurring  any 
expense  in  engineering  development. 

Tobacco  Areas  Investigation.  The  investigation  of  the  texture 
of  soils  was  extended  in  1896  to  some  of  the  principal  tobacco  areas 
and  to  the  cotton  lands  of  the  South,  and  records  were  kept  of  the 
moisture  in  the  different  soils. 

The  tobacco  area  investigation  disclosed  the  relation  of  the  phys¬ 
ical  character  of  the  soil  to  the  class  of  tobacco  which  can  be 
successfully  produced  in  any  locality,  and  furnished  a  basis  for 
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the  mapping  of  soils  adapted  to  any  class  or  type  of  tobacco.  Later 
on,  the  whole  subject  of  tobacco  culture  and  curing  was  assigned  to 
the  Soils  Division,  including  the  consideration  of  methods  of  cul¬ 
tivation  and  of  fermentation  for  the  best  and  most  economical 
production,  and  a  consideration  of  domestic  and  foreign  competi¬ 
tion.  An  appropriation  act  of  March  i,  1899  (30  Stat.  L.,  947, 
952),  made  a  specific  appropriation  of  $10,000  “to  enable  the 
Secretary  of  Agriculture  to  map  the  tobacco  soils  of  the  United 
States ;  to  investigate  the  methods  of  curing,  with  particular  refer¬ 
ence  to  fermentation ;  to  originate,  through  selection  and  breeding, 
improved  varieties  for  the  principal  tobacco  districts  of  the  United 
States  ;  and  to  secure,  as  far  as  may  be,  a  change  in  the  methods 
of  supplying  tobacco  to  foreign  countries.”  This  work  was  assigned 
to  the  Division  of  Soils.  Similar  appropriations  were  made  for 
nine  subsequent  years. 

Accordingly,  on  July  1,  1899,  a  field  party  was  organized  and 
began  the  work  of  mapping  the  soil  in  the  Connecticut  Valley, 
which  when  completed  was  extended  to  other  districts. 

Successful  experiments  were  made  by  the  Division  in  the  grow¬ 
ing  of  a  fine  type  of  Sumatra  leaf  on  certain  soil  in  the  Connecticut 
Valley  and  in  Florida,  which  was  developed  to  a  point  where  it 
was  assured  that  a  leaf  approaching  the  Sumatra  tobacco  in  texture, 
but  with  local  and  distinctive  characteristics,  could  be  produced  in 
those  sections.  Largely  as  a  result  of  these  experiments,  the  Ameri¬ 
can-grown  wrapper  leaf  has  taken  a  foremost  rank,  is  being  ex¬ 
ported  to  foreign  countries,  and  has  taken  its  place  in  competition 
with  the  Sumatra  leaf. 

Experiments  have  also  been  made  with  the  raising  of  Cuban  filler 
leaf  tobacco  possessing  the  characteristic  mildness  of  flavor  and  the 
aroma  of  that  product.  Thorough  examination  was  made  of  the 
soils  and  conditions  of  growth  in  Cuba,  and  as  a  result  the  Bureau’s 
demonstrations,  the  Cuban  type  of  leaf  has  been  introduced  in 
certain  soils  in  Texas  and  Alabama,  and  many  tobacco  growers  in 
those  states  are  producing  the  finest  filler  leaf  suitable  for  high- 
grade  cigars. 

In  Ohio  the  Bureau’s  work  brought  about  a  change  in  the  whole 
method  of  fermentation  and  handling  of  tobacco,  with  resulting 
improvement  of  the  crop  and  prevention  of  the  losses  which  had 
occurred  under  the  old  methods  of  handling  the  leaf. 
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In  Virginia  a  marked  improvement  was  effected  in  the  grade  of 
tobacco  produced,  and  by  the  proper  handling  of  the  soil  through 
modern  methods  of  culture  and  of  fertilization,  the  lands  are  being 
left  in  much  better  condition  after  the  removal  of  the  crops. 

In  order  to  avoid  seeming  conflict  or  duplication  of  activities, 
all  the  cultural  work  of  further  improvement  through  selection  of 
seed  and  breeding  in  connection  with  tobacco  was  transferred  to 
the  Bureau  of  Plant  Industry,  the  Bureau  of  Soils  having  continued 
its  soil  survey  and  soil  investigations  of  important  tobacco  districts. 

During  the  first  year  of  its  new  status  (1902)  the  Bureau  of 
Soils  continued  to  carry  on  as  before  the  soil  survey  work  and  the 
drainage  and  tobacco  investigations,  and  began  studies  in  soil  man¬ 
agement,  and  maintained  laboratories  in  support  of  these  several 
lines  of  field  work. 

Alkali  Soils  Investigation.  As  an  outcome  of  the  soil-survey 
work  which  began  in  the  western  states  in  1899,  considerable  atten¬ 
tion  was  given  for  a  number  of  years  to  the  study  of  the  rise  and 
accumulation  of  alkali  in  the  soil,  and  the  most  practical  method 
of  checking  it.  This  rise  and  spread  of  alkali  in  the  irrigated  dis¬ 
tricts  caused  widespread  damage,  and  large  areas  of  fine  land  were 
rendered  unproductive. 

An  appropriation  act  of  March  1,  1899  (30  Stat.  L.,  947,  952), 
for  the  first  time  made  specific  appropriation  “  for  the  investigation 
of  the  cause  and  prevention  of  the  rise  of  alkali  in  the  soils  of  the 
irrigated  districts  ;  the  investigation  of  the  relation  of  soils  to  drain¬ 
age  and  seepage  waters,  and  of  methods  for  the  prevention  of  the 
accumulation  of  and  injury  from  seepage  waters  in  irrigated  dis¬ 
tricts/’  Similar  appropriations  were  made  for  nine  subsequent 
years. 

The  surveys  disclosed  the  presence  of  alkali  soils  in  nearly  all 
the  irrigated  arid  regions  in  the  western  country.  As  area  after 
area  was  studied  it  was  found  that  from  10  to  15  per  cent  of  the 
land  in  most  districts  would  be  practically  rendered  useless  unless 
measures  were  taken  to  prevent  this  evil. 

The  work  of  the  Bureau  demonstrated  that  the  most  efficient 
method  for  permanently  freeing  the  soil  from  injurious  salts  or 
alkali,  was  by  underdrainage  and  flooding.  The  Bureau  accord¬ 
ingly  established  a  number  of  demonstration  experiments  in  various 
sections  of  the  West,  which  eventually  resulted  in  the  general 
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adoption  of  effective  methods  by  the  farmers,  and  the  consequent 
reclamation  of  valuable  lands  which  would  otherwise  have  been 
abandoned. 

Drainage  and  Seepage  Waters  Investigation.  Under  authority 
of  the  appropriation  for  “  the  investigation  of  the  relation  of  soils 
to  drainage  and  seepage  waters,”  first  provided  for  in  the  act  of 
March  i,  1899,  and  continued  in  the  next  twelve  appropriation 
acts,  the  Bureau  made  an  exhaustive  study  of  the  depth  of  free- 
flowing  water  under  the  surface  of  the  soil  in  all  parts  of  the 
United  States,  and  the  movement  of  this  ground  water.  Intensive 
studies  have  also  been  undertaken  of  the  distribution  of  the  water 
between  the  ground  water  and  the  surface  of  the  land,  and  the 
effect  of  cultural  methods  in  properly  regulating  the  supply  avail¬ 
able  for  crops. 

Soil  Management.  During  the  fiscal  year  1902,  a  Division  of  Soil 
Management  was  created  for  the  purpose  of  studying  the  possi¬ 
bility  of  improving  methods  of  cultivating  and  fertilizing  the  soil 
and  handling  the  crops,  and  for  introducing  new  methods,  new 
crops,  and  new  industries,  and  demonstrating  the  results  of  these 
activities.  In  April,  1902,  the  Chief  of  this  Division  began  a  series 
of  investigations  in  soil  management,  the  results  of  which  were 
published  in  three  articles  in  1905  as  Bureau  of  Soils  Bulletin 
No.  26.  The  articles  related  to  “Amount  of  plant  food  readily 
receivable  from  field  soils  with  distilled  water,”  “  Relation  of  crop 
yields  to  the  amounts  of  water-soluble  plant- food  materials  re¬ 
covered  from  soils,”  and  “  Relation  of  differences  of  climatological 
environment  to  crop  yield.”  While  the  experimental  data  contained 
in  these  studies  were  accepted  as  statements  of  fact,  the  manner 
of  presentation  and  the  conclusions  drawn  therefrom  did  not,  in  the 
main,  meet  with  the  endorsement  of  the  Soils  Bureau.  Three  other 
articles  based  on  these  studies  were  not  officially  published. 

Soil  Fertility  Studies.  In  1904  the  Bureau  of  Soils  began  giving 
special  attention  to  the  matter  of  soil  fertility,  which  at  present 
constitutes  one  of  the  major  activities  of  the  Bureau  of  Chemistry 
and  Soils.  The  crop  yield  is  influenced  not  only  by  climatic  condi¬ 
tions,  by  the  adaptation  of  a  class  of  crops  to  the  soil  type,  and  by 
the  physical  condition  of  the  soil,  but  also  by  certain  inherent  con¬ 
ditions  of  fertility  or  infertility  in  the  soil  itself,  which  at  the  time 
of  creation  of  the  Soils  Division  were  but  little  understood.  It  has 
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been  ascertained  that  the  poor  qualities  of  unproductive  soils  are 
not  always  due  to  lack  of  mineral  plant  food,  but  often  to  the 
presence  of  substances  which  actually  hinder  plant  growth,  and 
investigations  were  taken  up  in  the  early  days  of  the  Bureau  of 
Soils  to  ascertain  the  origin  of  these  substances  and  the  conditions 
which  lead  to  their  formation,  and  to  study  conditions  and  treat¬ 
ment  for  their  destruction. 

An  item  in  the  appropriation  act  of  August  10,  1912  (37  Stat. 
L.,  290),  for  “soil-fertility  investigations  into  organic  causes  of 
infertility  and  remedial  measures,  maintenance  of  productivity, 
properties  and  composition  of  soil  humus,  and  the  transformation 
and  formation  of  soil  humus  by  soil  organisms,”  was  repeated  in 
two  subsequent  annual  appropriation  acts,  after  which  this  item, 
in  modified  form,  was  transferred  to  the  appropriations  for  the 
Bureau  of  Plant  Industry.  At  that  time  the  Bureau  of  Plant  In¬ 
dustry  was  carrying  on  studies  in  soil  bacteriology  and  plant  pathol¬ 
ogy  and  it  was  the  unanimous  opinion  of  a  committee  of  experts 
that  all  of  these  studies  should  be  carried  on  in  the  same  bureau. 
In  1927,  however,  this  work  was  returned  to  the  reorganized  soil 
work  in  the  Bureau  of  Chemistry  and  Soils. 

Utilization  of  Soil  Resources.  In  order  that  the  general  facts 
disclosed  by  the  work  of  the  soil  surveys  might  be  brought  directly 
home  to  the  people  concerned  with  these  results,  a  Division  of 
Utilization  of  Soil  Resources  was  created  in  the  Bureau  of  Soils 
during  the  fiscal  year  1907.  The  functions  assigned  to  this  newly 
created  division  were  the  long-continued  observation,  classification, 
and  correlation  of  soils  and  crop  data,  in  order  that  the  funda¬ 
mental  facts  of  crop  adaptation,  soil  management,  and  soil  fertili¬ 
zation  might  be  presented  and  that  new  uses  for  agricultural  lands 
in  the  United  States  might  be  ascertained  by  special  investigations, 
with  the  view  of  effecting  greater  and  more  diversified  agricultural 
production. 

Exploration  for  Fertilizer  Material  Resources.  While  the  Bureau 
of  Soils  had  for  some  time  been  giving  attention  to  the  fertilizer 
material  resources  of  this  country,  Congress  on  March  4,  1911 
(36  Stat.  L.,  1235,  1256),  at  the  instance  of  Hon.  Asbury  F.  Lever, 
made  specific  appropriation  for  “  exploration  and  investigation 
within  the  United  States  to  determine  a  possible  source  of  supply 
of  potash,  nitrates,  and  other  natural  fertilizers,”  an  item  which 
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was  repeated  in  each  of  the  ten  succeeding  annual  appropriation 
acts.  In  1916  another  item  was  added  in  the  appropriation  act  for 
“  the  investigation  and  demonstration  within  the  United  States  to 
determine  the  best  method  of  obtaining  potash  on  a  commercial 
scale,  including  the  establishment  and  equipment  of  such  plant  or 
plants,  as  may  be  necessary  therefor,  $175,000;  provided  that  the 
price  of  such  product,  and  the  amount  obtained  from  the  sale 
thereof  shall  be  covered  into  the  Treasury  as  miscellaneous  re¬ 
ceipts.”  Similar  items  of  appropriation  of  $127,600  were  made  for 
each  of  the  fiscal  years  ending  1919  and  1920. 

At  the  same  session  in  19 1 1  the  Geological  Survey  was  authorized 
to  make  exploratory  borings  to  determine  the  possible  existence 
of  segregated  layers  of  potash  salts,  and  the  two  bureaus  cooperated 
in  carrying  on  this  work. 

The  investigation  of  the  fertilizer  resources  covered  seven  dis¬ 
tinct  lines  of  work ;  a  field  survey  of  the  desert  basins  in  the  arid 
states  for  the  purpose  of  locating  deposits  of  potash  salts  and 
nitrate,  and  incidentally  to  locate  other  materials  of  importance  to 
the  general  purpose  of  the  investigation ;  investigation  of  the  brines 
and  bitterns  from  salt  wells  to  determine  the  presence  of  workable 
quantities  of  potash ;  a  study  of  methods  for  the  extraction  of 
potash  from  feldspars  and  other  potash  minerals ;  a  theoretical 
study  of  aqueous  solutions  of  mixtures  of  potassium  and  sodium 
salts  necessary  to  an  intelligent  handling  of  the  more  practical 
investigations  under  way ;  a  study  of  seaweeds  and  kelp ;  an  inves¬ 
tigation,  by  field  studies  of  the  phosphate  resources  of  the  country ; 
investigations  on  improved  methods  for  the  production  of  the 
phosphoric  acid  and  phosphate  fertilizers ;  and  an  investigation  to 
determine  the  resources  of  the  country  in  nitrogen  fertilizers.  The 
results  of  these  investigations  have  been  published  by  the  Bureau. 

In  1920  an  appropriation  of  $192,900,  and  in  1921  an  appropria¬ 
tion  of  $5000  were  made  “  for  the  completion,  operation  and  main¬ 
tenance  of  the  government  kelp  plant  at  Summerland,  California.” 
There  was  a  proviso  in  the  former  “  that  the  product  obtained 
from  such  experimentation  may  be  sold  at  a  price  to  be  determined 
by  the  Secretary  of  Agriculture,  and  the  amount  obtained  from 
the  sale  thereof  shall  be  covered  into  the  Treasury  as  miscellaneous 
receipts.”  In  the  second  appropriation  act  the  Secretary  of  Agri- 
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culture  is  authorized  to  sell  the  experimental  kelp  potash  plant  and 
its  equipment  at  public  or  private  sale.  The  plant  and  equipment 
were  afterwards  sold. 

Soil  Chemical  and  Physical  Investigations.  Although  chemical 
and  physical  investigations  of  the  soil  had  been  made  since  the 
creation  of  the  Soils  Division,  specific  appropriations  were  made 
for  the  first  time  in  1912  for  “  chemical  investigation  of  soil  types, 
soil  composition  and  soil  minerals,  the  soil  solution,  solubility  of 
soil  and  all  chemical  properties  of  soils  in  relation  to  soil  formation, 
soil  texture,  and  soil  productivity,  including  all  routine  chemical 
work  in  connection  with  the  soil  survey  ” ;  and  for  “  physical  in¬ 
vestigations  of  the  important  properties  of  the  soil  which  deter¬ 
mine  productivity,  such  as  moisture  relations,  aeration,  heat  con¬ 
ductivity,  texture,  and  other  physical  investigations  of  the  various 
soil  classes  and  soil  types.”  These  items  have  appeared  in  each 
subsequent  annual  appropriation  act  up  to  the  present  time,  and 
work  along  these  lines  has  been  continuous. 

In  the  field  of  soil  chemistry,  work  was  begun  in  1911  on  samples 
to  determine  the  inorganic  composition  of  important  soil  types  in 
the  United  States;  and  in  1915  routine  microscopic  work  was 
begun  for  the  determination  of  the  identity  of  rocks  and  other 
soil-forming  and  fertilizer-producing  materials  submitted  to  the 
Bureau.  Physical  investigation  of  soil  stresses  and  strains  and  of 
soil  erosion  were  begun  in  1913. 

International  Congress  of  Soil  Science.  On  June  13,  1927,  the 
First  International  Congress  of  Soil  Science  was  held  in  Washing¬ 
ton.  Many  countries  were  represented  and  some  of  the  delegates 
brought  large  collections  of  samples  of  soils,  books,  charts,  maps, 
and  apparatus  showing  the  status  of  soil  investigation  in  their  re¬ 
spective  countries.  Much  of  this  exhibit  material  was  left  as  a  gift 
to  the  United  States. 

Soil  W ork  in  192/.  At  the  time  when  the  Bureau  of  Soils  and 
the  Bureau  of  Chemistry  were  merged  into  the  Bureau  of  Chemis¬ 
try  and  Soils,  the  work  of  the  Bureau  of  Soils  consisted  chiefly 
of  field  investigation  and  mapping,  chemical  research,  and  investi¬ 
gations  into  new  sources  of  fertilizer  material,  carried  on  respec¬ 
tively  by  the  Divisions  of  Soil  Survey,  Soil  Chemistry,  Soil  Physics, 
and  Fertilizer  Resources. 
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At  the  end  of  the  fiscal  year  ending  June  30,  1927,  after  which 
it  ceased  to  have  a  separate  existence,  the  Bureau  of  Soils  had 
surveyed  altogether  731,869  square  miles  or  468,396,160  acres. 
These  had  been  carried  on  in  various  projects  in  all  of  the  forty- 
eight  states  and  in  Porto  Rico.  In  addition,  579,938  square  miles 
or  371,160,320  acres  of  reconnaissance  surveys  were  made.  In 
nearly  every  case,  this  work  was  done  in  cooperation  with  some 
state  organization. 

Fixed  Nitrogen  Research  Laboratory.  Investigations  of  new 
processes  of  fixing  nitrogen  by  reduction  methods  were  made  by 
the  Bureau  of  Soils  at  Washington  and  at  the  Arlington  Farm  in 
Virginia  as  early  as  1913.  At  that  time  studies  were  begun  of 
various  methods  of  fixing  atmospheric  nitrogen  by  means  of  elec¬ 
trical  energy,  with  a  view  to  determining  the  best  methods  for  use 
under  American  conditions,  to  improve  known  methods,  and  to 
devise  new  ones.  These  studies  were  authorized  in  specific  items 
of  appropriation  for  “  exploration  and  investigation  within  the 
United  States,  to  determine  possible  sources  of  supply  of  potash, 
nitrates,  and  other  natural  fertilizers,”  in  acts  passed  for  a  long 
series  of  years  beginning  with  the  fiscal  year  ending  1912. 

The  unpreparedness  of  the  United  States  in  the  matter  of  nitro¬ 
gen  for  munitions  of  war  and  for  agricultural  purposes  became 
apparent  upon  the  outbreak  of  the  European  War,  and  when  the 
National  Defense  Act  of  June  3,  1916  (39  Stat.  L.,  1 66,  215),  was 
adopted,  Section  124  specifically  authorized  the  President  to  “  make 
or  cause  to  be  made  such  investigation  as  in  his  judgment  is  neces¬ 
sary  to  determine  the  best,  cheapest,  and  most  available  means  for 
the  production  of  nitrates  and  other  products  for  munitions  of  war 
and  useful  in  the  manufacture  of  fertilizers  and  other  useful 
products  by  water  power  or  any  other  power  as  in  his  judgment 
is  the  best  and  cheapest  to  use.”  The  act  also  authorized  the  Presi¬ 
dent  to  acquire  lands,  construct  plants,  and  acquire  the  equipment 
needed  for  such  production,  and  it  appropriated  the  sum  of 
$20,000,000  for  this  purpose. 

Upon  our  entry  into  the  World  War,  the  demand  for  explosives 
was  greatly  increased,  and  while  attempts  were  made  to  meet  the 
immediate  requirements  by  importation  of  nitrates  from  Chile  and 
by  the  stimulation  of  domestic  production,  principally  by-product 
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coke-oven  ammonia,  the  War  Department  turned  to  the  fixation  of 
atmospheric  nitrogen  as  a  means  of  securing  an  adequate  supply 
of  explosives.  Although  much  progress  was  made  in  the  relatively 
new  art  of  nitrogen  fixation  during  the  latter  period  of  the  war, 
the  necessity  for  further  research  on  nitrogen  fixation  had  been 
clearly  demonstrated. 

Accordingly,  on  March  29,  1919,  the  present  Fixed  Nitrogen 
Research  Laboratory  was  established  in  Washington,  in  order  to 
coordinate  the  knowledge  which  had  been  obtained  concerning 
nitrogen  fixation  by  the  War  Department  during  the  war,  to  obtain 
further  information  necessary  for  the  peace-time  utilization  of 
the  government  nitrate  plants  at  Sheffield  and  Muscle  Shoals, 
Alabama,  and  to  study  in  general,  the  fixation  and  utilization  of 
nitrogen.36 

On  July  1,  1921,  the  Fixed  Nitrogen  Research  Laboratory  was 
transferred  by  executive  order  from  the  War  Department  to  the 
Department  of  Agriculture,  in  view  of  the  fact  that  in  peace  times 
nitrogen  fixation  is  largely  an  agricultural  problem.  It  functioned 
as  an  independent  laboratory  until  July  1,  1926,  when  it  was  made 
an  integral  part  of  the  Bureau  of  Soils,  where  it  remained  until 
the  reorganization  in  1927. 

The  early  work  of  the  laboratory  was  carried  out  with  particular 
reference  to  the  peace-time  utilization  of  the  two  government- 
owned  nitrate  plants  in  Alabama.  The  cyanamide  plant  at  Muscle 
Shoals  is  one  of  the  largest  cyanamide  plants  in  the  world,  having 
a  capacity  of  220,000  tons  of  cyanamide  or  110,000  tons  of  am¬ 
monium  nitrate  per  annum.  This  plant  operated  very  successfully 
in  the  test  run  which  was  made  shortly  after  the  signing  of  the 
armistice.  The  principal  work  therefor,  which  the  Laboratory  has 
carried  out  in  connection  with  this  plant,  has  been  to  consider  what 
products  of  fertilizer  value  could  be  made  there,  since  it  is  evident 
that  in  peace  time  such  a  large  quantity  of  fixed  nitrogen  can  be 
used  only  for  agricultural  purposes. 

The  nitrate  plant  at  Sheffield  was  designed  to  operate  by  the 
direct  synthetic  (or  Haber)  process,  with  a  capacity  approximately 
one-fifth  that  of  the  cyanamide  plant,  or  22,000  tons  of  ammonium 

M  The  principal  results  of  the  investigations  made  by  the  Laboratory  up  to 
the  time  of  its  transfer  are  described  in  seventy-six  technical  reports  made  to 
the  Chief  of  Ordnance,  War  Department. 
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nitrate  per  annum.  This  plant  in  its  original  form  was  not  a  success, 
due  in  part  to  insufficient  technical  information  on  the  various 
physical-chemical  steps  which  go  to  make  up  the  process.  The 
Laboratory,  therefore,  undertook  investigations  to  supply  such 
technical  information. 

In  addition  to  research  carried  out  in  connection  with  these  two 
projects,  the  Laboratory  has  conducted  investigations  on  other 
methods  of  nitrogen  fixation  and  on  the  transformation  and  utili¬ 
zation  of  fixed-nitrogen  compounds. 

The  expenses  of  maintenance  of  the  Fixed  Nitrogen  Research 
Laboratory  were  borne  for  a  time  out  of  funds  transferred  to  the 
Department  of  Agriculture  by  the  War  Department,  but  are  now 
carried  as  a  regular  appropriation. 

When  the  reorganization  was  effected  on  July  i,  1927,  which 
resulted  in  the  creation  of  the  Bureau  of  Chemistry  and  Soils,  the 
Fixed  Nitrogen  Research  Laboratory  was  placed  in  the  Fertilizer 
and  Fixed  Nitrogen  Investigations  Branch  of  the  new  Bureau. 
During  the  last  year  of  its  existence  as  a  separate  unit  the  Labora¬ 
tory  was  organized  into  five  divisions ;  namely,  the  Administrative, 
Chemistry,  Synthetic  Ammonia,  Physics,  and  Engineering  Divi¬ 
sions. 

Reorganization,  1927.  For  some  time  prior  to  1927  a  movement 
had  been  on  foot  in  the  Department  of  Agriculture  looking  toward 
the  separation,  whenever  practicable,  of  the  investigational  from  the 
regulatory  activities  of  the  bureau.  This  separation  was  longer 
deferred  in  the  case  of  the  Bureau  of  Chemistry  than  in  the  case  of 
the  research  and  regulatory  work  in  the  experiment  stations,  on 
account  of  the  close  connection  which  has  existed  between  these 
two  branches  of  the  service  and  because  of  the  recognized  efficiency 
with  which  each  line  of  work  was  being  directed. 

As  already  explained,  previous  to  1906,  when  the  Food  and 
Drugs  Act  was  adopted,  the  work  of  the  Bureau  of  Chemistry  was 
carried  on  exclusively  along  research  lines,  and  it  was  upon  the 
basis  of  such  research  that  chemical  methods  were  developed  for 
the  detection  of  adulteration,  that  the  prevalence  of  sophistication 
in  foods,  drugs,  insecticides,  and  naval  stores  was  ascertained,  and 
that  laws  were  finally  passed  for  correcting  these  abuses. 
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After  the  passage  of  the  various  regulatory  acts  that  were  en¬ 
trusted  to  the  Bureau  of  Chemistry  for  execution,  parallel  lines 
of  research  and  law  enforcement  work  were  initiated  that  have  been 
mutually  beneficial.  Chemical  research  has  enabled  the  regulatory 
branch  of  the  service  to  assist  manufacturers  in  meeting  the  re¬ 
quirements  of  law  enforcement.  The  regulatory  service,  on  the 
other  hand,  has  assisted  chemical  research  by  its  suggestion  of 
urgent  practical  problems,  with  the  avoidance  of  lines  of  investi¬ 
gation  that  were  too  academic  or  visionary. 

With  the  extension,  however,  of  the  regulatory  work  of  the 
Bureau  of  Chemistry,  the  expansion  of  its  research  activities  has 
greatly  suffered,  because  it  was  impossible  to  obtain  financial  sup¬ 
port  for  much-needed  investigations  in  competition  with  the  urgent 
need  of  funds  for  the  inspection  and  police  work. 

In  view  of  these  facts  the  Secretary  of  Agriculture,  in  1926, 
when  preparing  his  budget  for  the  fiscal  year  1928,  recommended 
the  placing  of  the  regulatory  work  involved  in  the  enforcement  of 
the  Food  and  Drugs  Act,  the  Tea  Act,  the  Insecticide  and  Fungicide 
Act,  and  the  Naval  Stores  Act  in  one  administrative  unit,  to  be 
known  as  the  Food,  Drug,  and  Insecticide  Administration ;  and  the 
consolidation  in  one  unit,  to  be  known  as  the  Bureau  of  Chemistry 
and  Soils,  of  the  research  work,  in  the  Department  of  Agriculture, 
on  soils  and  fertilizers  and  certain  of  the  chemical  work  on  agri¬ 
cultural  products  at  that  time  conducted  by  the  Bureaus  of  Chem¬ 
istry,  Soils,  and  Plant  Industry. 

This  proposed  plan  of  administration  was  based  upon  the  report 3T 
of  a  group  of  leading  agricultural  scientists  submitted  at  the  invita¬ 
tion  of  the  Secretary  of  Agriculture.  In  this  report  it  was  specifi¬ 
cally  recommended  that  the  Secretary  organize  the  research  work 
of  the  present  Bureau  of  Chemistry,  the  work  of  the  Offices  of 
Soil  Fertility  and  of  Soil  Bacteriology  of  the  present  Bureau  of 
Plant  Industry,  and  all  of  the  work  of  the  Bureau  of  Soils  and 
of  the  Fixed  Nitrogen  Laboratory  into  a  single  bureau. 

By  separating  the  investigational  from  the  regulatory  functions 
and  assigning  each  to  a  different  unit,  it  was  expected  that  each 
of  these  branches  of  service  would  receive  the  financial  support 
which  will  enable  it  to  develop  according  to  its  needs,  and  that  at 

27  House.  Hearings  on  Agricultural  Appropriation  Bill,  1928,  pp.  314-17. 
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the  same  time,  the  close  cooperation  between  these  two  branches 
would  be  continued. 

All  of  these  recommended  changes  were  brought  about  on  July 
i,  1927,  as  the  result  of  the  provisions  of  an  appropriation  act  of 
January  1,  1927  (44  Stat.  L.,  976,  991,  1002).  The  Bureau  of 
Chemistry  and  Soils,  as  created  on  that  date,  comprises  three 
research  subdivisions  or  branches  for  Chemical  and  Technical  Re¬ 
search,  for  Soil  Investigations,  and  for  Fertilizer  and  Fixed  Nitro¬ 
gen  Investigations.  The  newly  created  Food,  Drug  and  Insecticide 
Administration  was  entrusted  with  all  the  above-mentioned  regu¬ 
latory  laws.  The  Insecticide  and  Fungicide  Board  was  abolished. 

On  February  15,  1927,  an  act  was  approved  (44  Stat.  L.,  1101), 
known  as  the  Milk  and  Cream  Importation  Act,  and  on  March  4, 
1927,  a  Caustic  Poison  Act  (44  Stat.  L.,  1406)  was  approved.  By 
order  of  the  Secretary  of  Agriculture  the  enforcement  of  both  of 
these  acts  was  entrusted  to  the  Food,  Drug,  and  Insecticide  Admin¬ 
istration. 

In  this  reorganization,  Dr.  Henry  Granger  Knight,  a  chemist,  at 
the  time  Director  of  the  West  Virginia  Agricultural  Experiment 
Station,  was  appointed  Chief  of  the  Bureau  of  Chemistry  and 
Soils ;  Dr.  Charles  A.  Browne,  the  Chief  of  the  former  Bureau 
of  Chemistry,  was  appointed  Assistant  Chief  of  the  new  Bureau 
and  Chief  of  the  Chemical  and  Technical  Research  Branch;  Dr. 
A.  G.  McCall  was  appointed  Chief  of  the  Soil  Investigations 
Branch;  and  Dr.  Frederick  Gardner  Cottrell,  the  Director  of  the 
Fixed  Nitrogen  Laboratory,  was  made  Chief  of  the  Fertilizer  and 
Fixed  Nitrogen  Branch  of  the  Bureau  of  Chemistry  and  Soils. 
Milton  Whitney,  who  was  Chief  of  the  Bureau  of  Soils  during  the 
entire  period  of  its  existence  as  a  separate  unit  (1894  to  1927), 
died  soon  after  the  time  of  the  reorganization. 
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ACTIVITIES 

Originally  the  Chemist  of  the  Department  of  Agriculture,  who 
presided  over  the  Division  of  Chemistry,  dealt  with  all  the  chemi¬ 
cal  problems  that  arose  not  only  in  the  Department  of  Agriculture, 
but  also  in  some  of  the  other  government  departments,  and  he  had 
charge  of  all  the  chemical  researches  and  analyses  incident  to  such 
problems. 

As  the  quantity  of  the  work  of  the  Department  of  Agriculture 
increased  and  its  scope  broadened,  newly  created  divisions  and 
bureaus  deemed  it  necessary  to  work  out  their  own  chemical  prob¬ 
lems  which  arose  in  their  particular  fields  and  to  establish  their 
own  specialized  chemical  laboratories.  As  this  movement  pro¬ 
gressed  many  activities  which  formerly  were  carried  on  in  the 
Bureau  of  Chemistry  were  gradually  transferred  to  other  divisions 
and  bureaus.  Thus,  there  are  now  ten  other  bureaus  or  services  in 
the  Department  of  Agriculture  in  whose  activities  chemistry  occu¬ 
pies  an  important  place. 

The  science  of  chemistry  is  essential  for  the  development  of  facts 
and  principles  to  guide  administrative  action  in  the  enforcement 
of  the  Food  and  Drugs  Act,  the  Insecticide  Act,  the  Tea  Inspection 
Act,  the  Naval  Stores  Act,  the  Milk  Import  Act,  and  the  Caustic 
Poison  Act.  In  the  Bureau  of  Agricultural  Economics  chemical 
activities  are  carried  on  in  connection  with  the  preparation  and 
enforcement  of  grading  standards  for  the  cereal  grains  and  flax 
seed.  In  the  Bureau  of  Animal  Industry  chemistry  enters  into 
many  fields  of  animal  study.  The  Bureau  of  Biological  Survey  uses 
chemicals  in  connection  with  the  combating  of  injurious  rodents 
and  predatory  animals.  In  the  Bureau  of  Dairying  chemistry  enters 
largely  into  the  study  of  nutrition  for  dairy  cows  and  the  secretion 
of  milk.  In  the  Bureau  of  Entomology  the  development  and  appli¬ 
cation  of  insecticides  and  fungicides  require  chemical  analyses  and 
research.  In  the  Bureau  of  Plome  Economics  much  of  the  work 
on  foods,  nutrition,  textiles,  and  clothing  requires  the  application 
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of  chemistry.  A  great  variety  of  the  work  carried  on  by  the  Bureau 
of  Plant  Industry  calls  for  chemical  investigations  in  many  fields. 
The  Bureau  of  Public  Roads  applies  chemistry  in  the  testing  of 
bituminous  materials  used  in  road  construction.  The  Forest  Ser¬ 
vice  carries  on  chemical  research  on  the  composition  of  wood,  its 
preservation,  its  durability,  and  other  properties.  The  Food,  Drug, 
and  Insecticide  Administration  carries  on  chemical  investigations 
in  connection  with  its  regulatory  work.  The  Bureau  of  Chemistry 
and  Soils  cooperates  with  these  and  other  government  services 
whenever  occasions  arise. 

The  functions  of  the  Bureau  of  Chemistry  and  Soils  are  entirely 
investigational.  The  Bureau  studies  soil  conditions  and  chemical 
problems  pertaining  to  agriculture  and  to  industries  which  utilize 
agricultural  products.  These  studies  comprise  three  main  groups 
of  activities ;  namely,  chemical  and  technological  research,  soil 
investigations,  and  fertilizer  and  fixed  nitrogen  investigations.  The 
first  of  these  includes  all  the  investigational  work  of  the  former 
Bureau  of  Chemistry  except  such  analyses,  tests,  and  researches 
as  arise  in  connection  with  the  regulatory  work  now  performed 
by  the  Food,  Drug,  and  Insecticide  Administration.  The  second 
and  third  groups  consist  of  work  formerly  performed  by  the 
Bureau  of  Soils,  the  Fixed  Nitrogen  Laboratory,  and  certain  inves¬ 
tigations  formerly  made  by  the  Bureau  of  Plant  Industry.  A  dis¬ 
tinct  separation  is  being  maintained  between  these  three  groups  of 
chemical  and  soil  activities,  although  administratively  they  are  all 
coordinated. 

The  first  paragraph  in  the  appropriation  act  of  January  18,  1927 
(44  Stat.  L.,  976,  991),  for  chemical  and  technological  research, 
makes  the  following  provision :  “  For  conducting  the  investigations 
contemplated  by  the  Act  of  May  15,  1862,  relating  to  the  applica¬ 
tion  of  chemistry  to  agriculture ;  for  the  biological  investigation  of 
food  and  drug  products  and  substances  used  in  the  manufacture 
thereof,  including  investigations  of  the  physiological  effects  of 
such  products  on  the  human  organism ;  to  cooperate  with  associa¬ 
tions  and  scientific  societies  in  the  development  of  methods  of 
analysis.”  Other  paragraphs  in  the  appropriation  act  relating  to 
chemical  and  technological  research  make  specific  appropriations 
for  investigation  and  experiment  in  the  utilization  of  raw  materials 
for  coloring,  medicinal  and  technical  purposes ;  for  table  sirup  and 
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sugar  investigations ;  for  insecticide  and  fungicide  investigations ; 
for  prevention  of  dust  explosions  and  farm  fires,  and  for  naval 
stores  investigations  and  demonstrations. 

The  investigations  which  are  carried  on  under  the  appropriations 
made  in  general  terms  in  the  first  paragraph,  are  developed  by  the 
chemists  of  the  Bureau  partly  on  their  own  initiative  and  partly 
as  a  result  of  requests  made  by  agricultural  industries.  In  comply¬ 
ing  with  such  requests  only  those  problems  are  selected  for  investi¬ 
gation  which  appear  most  urgent  and  which  promise  to  result  in 
the  accomplishment  of  the  best  results.  When  the  initial  steps  of  a 
problem  have  been  satisfactorily  solved,  the  Bureau  leaves  it  to  the 
industries  to  work  out  the  commercial  applications. 

Sometimes  chemical  studies  carried  on  by  the  Food,  Drug,  and 
Insecticide  Administration  in  connection  with  its  regulatory  work, 
open  up  questions  for  more  extended  investigation  and  research,  in 
which  case,  by  mutual  arrangement,  the  Bureau  of  Chemistry  and 
Soils  takes  over  such  tasks.  When  necessary,  in  such  cases,  the 
persons  engaged  in  the  particular  research  are  transferred  to  the 
Bureau  during  the  continuance  of  the  work. 

Following  are  the  subjects  of  investigation  which  are  being  car¬ 
ried  on  under  the  general  head  of  chemical  and  technological 
research;  carbohydrates;  prevention  of  dust  explosions  and  farm 
fires ;  color  and  farm  waste ;  crop  chemistry ;  insecticides  and 
fungicides ;  protein  and  nutrition ;  leather  and  tanning ;  naval 
stores ;  paper ;  fiber  board ;  farm  fabrics ;  oils,  fats,  and  waxes ; 
food  research ;  and  fruit  and  vegetable  utilization. 

Carbohydrates  Work.  The  carbohydrate  work  of  the  Bureau  of 
Chemistry  and  Soils  consists  of  the  application  of  chemistry  and 
chemical  technology  to  finding  new  and  improved  methods  of 
utilizing  crops  whose  value  is  largely  determined  by  their  carbo¬ 
hydrate  content,  whereby  their  production,  marketing,  and  utiliza¬ 
tion  are  facilitated  and  better  returns  are  yielded  to  the  producers. 

Since  carbohydrates  are  very  essential  foodstuffs  and  constitute 
in  general  about  eighty-five  per  cent  of  the  dry  substance  of  plants 
and  thus  of  our  agricultural  crops,  the  economic  importance  of 
carbohydrates  is  tremendous.  The  investigations  carried  on  by  the 
Bureau  in  this  field,  which  embrace  practically  all  phases  of  carbo¬ 
hydrate  work,  include  researches  on  cane  sugar  and  edible  sirups. 
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beet  sugar,  starch,  confectionery,  new  carbohydrates  and  carbo¬ 
hydrate  derivatives,  honey,  and  analytical  methods. 

Sirup  and  Cane  Sugar  Investigations.  Investigations  relating  to 
table  or  edible  sirups  and  cane  sugar  are  being  carried  on  under  an 
appropriation  “  for  the  investigation  and  development  of  methods 
of  manufacture  of  table  sirup  and  sugar  and  of  methods  for  the 
manufacture  of  sweet  sirups  by  the  use  of  new  agricultural 
sources.,,  The  work  is  performed  by  chemists  of  the  Bureau  in 
the  laboratories  of  the  Carbohydrate  Division  in  Washington  and 
in  collaboration  with  sirup  and  sugar  manufacturers  in  the  United 
States  and  its  possessions.  The  object  of  these  investigations  is  the 
improvement  of  processes  for  the  manufacture  of  sirups,  molasses, 
creams,  sugars,  and  other  edible  products  which  are  prepared  from 
sugar-producing  plants. 

The  Bureau  is  giving  attention  to  the  methods  for  producing 
sirup  of  uniform  quality,  and  processes  for  making  sirups  of 
various  types,  with  a  view  to  promoting  the  manufacture  of  the 
types  best  suited  to  different  markets. 

At  the  request  of  the  Louisiana  cane  growers,  an  investigation 
was  undertaken  in  that  state  for  developing  improved  processes 
for  the  production  of  better  quality  sirup  on  a  large  scale.  It  was 
desired  to  produce  a  sirup  comparable  to  that  made  in  Georgia  and 
elsewhere  with  small  scale  equipment  in  open  pans  without  the  use 
of  chemicals,  in  contrast  to  the  customary  lime-sulphur  process  so 
long  practiced  in  Louisiana,  owing  to  the  fact  that  the  use  of  lime 
and  sulphur  in  clarifying  the  cane  juice  imparts  a  flavor  to  the  sirup 
which  is  objectionable  to  many  consumers,  thereby  limiting  the 
market  for  sulphured  sirup.  In  large  scale  sirup  or  sugar  manufac¬ 
ture  it  is  desirable  to  use  mills  under  high  pressure  in  order  to  ex¬ 
tract  as  large  a  proportion  of  the  juice  from  the  cane  as  is  possible. 
This  practice  introduces  into  the  juice  certain  objectionable  im¬ 
purities,  making  it  practically  impossible  to  produce  a  high  quality 
sirup  from  the  juice  thus  obtained.  By  dividing  this  juice  into  two 
portions  and  subjecting  that  of  lower  purity  to  a  special  treatment 
and  blending  with  the  high  purity  juice,  a  sirup  of  very  good 
quality  can  be  produced.  When  a  factory  is  producing  both  sugar 
and  sirup,  it  is  customary  to  use  the  high  purity  juices  for  sirup 
and  the  low  purity  juices  for  sugar  manufacture.  This  procedure, 
however,  puts  a  burden  upon  the  sugar  manufacturer,  for  the 
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recovery  of  sugar  from  the  low  purity  juices  is  considerably  less 
than  if  the  first  mill  juices  were  used  for  this  purpose.  Under  cer¬ 
tain  conditions  the  producer  would  like  to  reverse  the  order  and 
make  sugar  from  the  best  juice  and  utilize  the  juice  containing  the 
more  objectionable  impurities  in  a  manner  other  than  for  the  pro¬ 
duction  of  sugar.  To  enable  the  manufacturer  to  follow  this 
scheme  of  operation  a  process  has  been  developed  for  making  this 
juice  into  a  sirup  suitable  for  blending  purposes.  The  work  is  being 
continued,  however,  with  the  object  of  perfecting  the  process  so  as 
to  make  possible  the  production  of  a  better  quality  at  a  reasonable 
cost  in  order  that  the  sirup  would  be  suitable  for  consumption 
without  mixing  or  blending. 

Another  phase  of  the  work  in  Louisiana  undertaken  by  the 
Bureau  is  the  production  of  new  products  or  specialties  from  the 
sugar-cane,  which  is  intended  to  assist  in  the  diversification  of 
products  so  as  to  enable  the  producer  to  meet  better  the  variable 
market  conditions.  This  investigation  has  resulted  in  the  develop¬ 
ment  of  a  product  called  cane  cream.  Cane  cream  retains  the  flavor 
of  the  cane  sirup  from  which  it  is  produced,  and  has  a  consistency 
similar  to  the  fondant  centers  of  chocolate-coated  candy.  It  is 
intended  to  be  used  as  a  spread  for  sandwiches,  crackers,  or  waffles, 
or  as  a  ready-made  icing  for  cakes  and  cookies.  The  manufacture 
of  cane  cream  has  reached  the  semi-commercial  scale  of  production 
in  cooperation  with  a  Louisiana  sugar  producer,  and  the  work  is 
being  continued  in  order  to  determine  the  best  and  most  economical 
means  of  manufacturing  a  high  grade  product. 

Another  investigation  pertaining  to  sirups  has  resulted  in  the 
development  of  methods  for  standardizing  cane  or  sorgo  sinup  and 
for  the  production  of  sirups  of  thick  consistency  or  high  density 
without  crystallization. 

Studies  are  being  made  by  the  Bureau  in  cooperation  with  sugar 
factories  in  Porto  Rico  for  the  development  of  an  improved  method 
of  controlling  the  liming  and  clarification  of  the  cane  juice  in  the 
manufacture  of  raw  sugar,  whereby  the  reaction  of  the  juice  is 
recorded  upon  a  chart  and  the  addition  of  lime  is  automatically  and 
mechanically  regulated,  thereby  dispensing  with  the  operator  who 
now  attends  to  the  liming.  Even  if  full  automatic  control  is  not 
desired,  the  process  now  used  may  be  improved  by  conducting  the 
liming  in  the  regular  manner,  but  with  the  operator  judging  the 
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amount  of  lime  to  be  added  from  reaction  of  the  juice  recorded 
on  a  chart.  Also,  a  detailed  study  of  the  factors  involved  in  the 
defecation  of  cane  juice  is  being  made,  which  has  led  to  further 
improvements  in  factory  operation. 

A  study  is  being  made  of  the  plant  colloids  which  are  present 
in  the  sugar  cane  and  sugar  beet,  and  which  play  a  large  part  in 
determining  the  yield  and  grade  of  sugar  obtained  therefrom.  The 
colloids  are  impurities,  often  of  a  gelantinous  character,  and  should 
be  removed  by  clarification  processes  in  order  that  sugar  may  be 
more  efficiently  crystallized  from  the  juice.  Practical  testing 
methods  have  been  devised  which  will  greatly  facilitate  this  investi¬ 
gation.  It  is  considered  that  the  investigation  of  the  colloids  in  the 
juice  is  one  of  the  most  promising  lines  of  work  now  available  for 
developing  improved  methods  for  increasing  yields  of  sugar  from 
sugar-producing  plants. 

The  enzyme  invertase,  which  has  been  used  extensively  by  the 
Bureau  in  improving  sirup  by  preventing  crystallization,  has  been 
applied  to  the  utilization  of  cane,  beet,  and  maple  sugar  for  making 
numerous  improved  food  products,  such  as  icings,  fondants,  fruit 
centers,  etc.,  as  well  as  for  analytical  purposes. 

Sugar  investigations  of  the  Bureau  of  Chemistry  and  Soils  are 
also  being  conducted  in  cooperation  with'  other  bureaus  of  the  De¬ 
partment  of  Agriculture,  by  making  analyses  or  by  assisting  in  the 
solution  of  problems  of  common  interest.  For  example,  the  Bureau 
has  cooperated  with  the  Bureau  of  Dairy  Industry  in  helping  them 
devise  methods  for  utilizing  in  confectionery  sweet  whey  and  the 
dried  albuminous  material  obtained  from  whey.  It  has  cooperated 
with  the  Bureau  of  Entomology  in  investigations  upon  American 
honeys  and  in  developing  a  satisfactory  sugar  sirup  which  can  be 
used  as  a  winter  feed  for  bees.  It  cooperates  with  the  Warehouse 
Act  Administration  of  the  Bureau  of  Agricultural  Economics  and 
with  the  Food,  Drug,  and  Insecticide  Administration  in  connection 
with  the  application  to  sirups  of  the  acts  which  they  enforce. 

Beet  Sugar  Investigations.  Beet  sugar  investigations  along 
several  lines  are  being  carried  on  to  solve  problems  that  are  arising 
in  the  industry.  A  study  is  being  made  of  the  nature  of  substances 
which  accumulate  during  the  Steffen  process  for  desugarizing  beet 
molasses  and  of  the  manner  in  which  these  substances  decrease 
sugar  yields.  The  results  will  be  of  value  in  connection  with  efforts 
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to  increase  the  yield  of  sugar  from  sugar  beets.  Methods  for  deter¬ 
mining  hydrogen-ion  concentration  in  relation  to  beet  sugar  manu¬ 
facture  have  been  investigated,  and  a  process  quite  similar  to  that 
used  in  controlling  automatically  the  clarification  of  cane  juice  has 
been  developed  for  controlling  automatically  the  clarification  of 
beet  juice  at  the  second  carbonation  and  possibly  at  the  sulphitation 
station. 

Starch  Investigations.  The  most  important  and  probably  the 
most  widely  distributed  of  all  carbohydrates  in  nature  is  starch. 
Studies  are  being  made  of  the  methods  of  manufacturing  starch 
and  such  products  of  natural  starch  as  modified  starches,  dextrins, 
starch  gums,  and  others,  at  a  small  plant  which  was  recently  erected 
in  the  Color  Laboratory  building  at  Arlington  Farm.  Particular 
attention  is  being  given  to  sweet  potato  and  rice  starches,  for  abun¬ 
dant  quantities  of  the  raw  material  are  available  and  may  reason¬ 
ably  be  considered  as  farm  waste  products. 

In  the  grading  and  marketing  of  sweet  potatoes  a  considerable 
proportion  of  oversize  and  undersize  potatoes  is  rejected  as  culls, 
and  it  is  from  this  material  that  the  Bureau  is  studying  methods  of 
preparing  starch.  The  physical  and  chemical  properties  of  sweet 
potato  starch  are  being  determined  in  order  to  ascertain  the  suita¬ 
bility  of  this  starch  or  of  its  products  for  various  industrial  uses. 
This  work  is  being  undertaken  at  the  urgent  request  of  sweet 
potato  producers’  organizations. 

Studies  will  be  made  of  the  possibility  of  profitably  producing 
rice  starch  and  derivatives  from  broken  rice,  which  is  a  by-product 
of  the  domestic  rice  industry.  Plans  are  also  under  way  for  the 
investigation  later  of  other  starches,  with  a  view  to  finding  more 
profitable  means  of  utilizing  certain  other  agricultural  crops  to 
better  advantage. 

Confectionery  Investigations.  Carbohydrates,  such  as  sugars, 
starches,  sirups,  gums,  etc.,  are  the  principal  ingredients  used  in  the 
manufacture  of  confections,  and  a  number  of  the  problems  of  the 
confectionery  industry  have  been  solved  with  the  assistance  of  the 
Bureau.  Of  much  importance  is  a  new  process  employing  the  en¬ 
zyme  invertase,  which  was  developed  by  the  Bureau  and  has  been 
extensively  adopted  by  the  confectionery  industry  for  producing 
soft  cream  centers  of  any  desired  consistency.  Means  have  been 
also  developed  and  adopted  by  the  industry  for  preventing  the 
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bursting  of  chocolate-coated  cream  confectionery,  and  for  prevent¬ 
ing,  to  some  extent,  the  drying  out  of  confections  during  storage. 

Survey  of  Principal  Carbohydrates  in  Food  and  Drug  Plants.  In 
order  to  utilize  to  the  best  advantage  our  natural  plant  resources, 
systematic  studies  are  being  made  of  the  principal  carbohydrate 
constituents  of  various  plant  materials  capable  of  being  grown  in 
the  United  States.  These  studies  entail  the  development  of  methods 
for  identifying  the  various  carbohydrate  materials,  such  as  starches, 
sugars,  glucosides  and  gums,  and  for  isolating  them  in  pure  form. 
A  considerable  number  of  rare  sugars  and  sugar  derivatives  have 
been  prepared  by  the  Bureau,  and  the  work  is  still  being  carried 
on.  The  properties  of  a  number  of  the  more  common  as  well  as 
the  rarer  sugars  have  also  been  studied,  particularly  from  the 
standpoint  of  crystalline  derivatives.  A  knowledge  of  these  deriva¬ 
tives  is  essential  in  identifying  sugars  that  may  result  from  a  study 
of  the  utilization  of  new  plant  materials. 

Honey  Investigations.  Considerable  attention  has  been  given  by 
the  Bureau  to  the  chemistry  of  honey.  The  samples  for  these 
investigations  are  generally  supplied  by  the  Bureau  of  Entomology, 
which  furnishes  information  concerning  the  origin  of  the  honeys 
and  collaborates  with  reference  to  the  practical  application  of 
results  for  the  benefit  of  bee-keepers.  Investigation  is  being  made 
of  some  of  the  undesirable  constituents  which  affect  the  market 
value  of  honey,  and  other  problems  of  importance  to  honey  pro¬ 
ducers.  At  the  request  of  beekeepers,  a  new  and  complete  depart¬ 
mental  publication  upon  the  composition  and  chemistry  of  American 
honeys  is  being  prepared.  New  methods  for  the  utilization  of 
honey  are  also  being  investigated  in  order  that  the  market  for  it 
may  be  increased  and  extended. 

Analytical  Methods.  Studies  of  methods  of  sugar  analysis  are 
being  conducted  in  cooperation  with  the  New  York  Sugar  Trade 
Laboratory  and  the  Association  of  Official  Agricultural  Chemists. 
Methods  for  determining  sucrose  and  raffinose  which  are  much 
superior  to  those  formerly  used  have  already  been  devised,  employ¬ 
ing  concentrated  enzyme  preparations.  These  methods  are  of 
particular  value  in  analyzing  materials  which  contain  interfering 
substances.  Improved  methods  for  the  determination  of  other 
sugars  are  desirable,  and  plans  are  accordingly  being  made  to  con¬ 
duct  such  investigations. 
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Prevention  of  Dust  Explosions  and  Farm  Fires.  Studies  are 
being  made  of  dust  explosions  and  fires  in  industrial  plants,  grain 
threshing  machines,  cotton  gins,  and  cotton  oil  mills.  Dust  explo¬ 
sions  occur  in  grain  elevators,  flour  mills,  starch  factories,  feed 
plants,  sugar  refineries,  pulverized  fuel  installations,  wood  working 
plants,  and  numerous  other  lines  of  industry  where  combustible 
dusts  are  created.  The  work  is  carried  on  under  a  special  appro¬ 
priation  “  For  the  investigation  and  development  of  methods  for 
the  prevention  of  grain  dust,  smut  dust  and  other  plant  dust  ex¬ 
plosions  and  resulting  fires,  including  fires  in  cotton  gins  and  cotton 
oil  mills,  independently  or  in  cooperation  with  associations,  indi¬ 
viduals  or  corporations.” 

The  investigations  of  the  Bureau  on  plant  dust  explosions  and 
resulting  fires  relate  directly  to  the  development  of  methods  for 
the  saving  of  life,  property  and  foodstuffs.  This  Bureau  is  the 
only  governmental  agency  studying  dust  explosions  in  industrial 
plants,  and  is  looked  to  in  both  the  United  States  and  foreign 
countries  for  technical  information  on  this  subject.  In  this  work 
the  Bureau  enjoys  close  and  effective  cooperation  with  state  officers, 
insurance  associations,  safety  commissions,  labor  organizations, 
chambers  of  commerce,  and  many  other  national  organizations 
interested  in  the  reduction  of  losses  from  these  explosions  and  fires. 

As  a  result  of  the  Bureau’s  studies  it  has  been  shown  that  the 
dust  explosion  hazard  exists  in  at  least  twenty-eight  thousand  in¬ 
dustrial  plants,  employing  approximately  one  million  three  hundred 
thousand  people,  and  manufacturing  products  of  an  annual  value 
of  more  than  $10,000,000,000.  The  explosions  have  been  accom¬ 
panied  by  large  losses  of  life  and  extensive  property  damage.  In 
150  cases  the  average  property  loss  was  approximately  $247,000. 

The  engineers  of  the  Bureau  investigate  these  explosions  in  the 
industries  as  they  occur,  endeavor  to  determine  in  each  case  the 
cause  of  the  explosion  and  to  plan  further  experimental  work  to 
develop  methods  of  control  and  prevention.  The  hazards  are  con¬ 
tinually  increasing  due  to  the  introduction  of  new  manufacturing 
processes  and  increased  production,  and  the  Bureau  is  constantly 
being  called  upon  for  assistance  in  dealing  with  explosions  in  new 
types  of  industries. 

The  close  cooperation  that  the  Bureau  enjoys,  in  this  dust  explo¬ 
sion  work,  with  the  industries,  insurance  organizations  and  under- 
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writing  agencies,  state  commissions  and  safety  organizations,  makes 
possible  very  prompt  application  of  the  control  and  preventive 
methods  developed  by  the  Bureau  engineers.  One  of  the  most 
prominent  contacts  is  through  the  work  of  the  Dust  Explosion 
Hazards  Committee  of  the  National  Fire  Protection  Association. 
This  committee  under  the  leadership  of  the  Bureau  of  Chemistry 
and  Soils  is  preparing  safety  regulations  for  the  industries  in  which 
dust  explosions  have  been  experienced.  These  regulations  embody 
the  results  of  the  Bureau’s  experimental  work  and  become  the 
basis  of  standards  for  state  commissions,  industrial  companies,  in¬ 
surance  associations,  safety  organizations,  and  other  similar  bodies. 
The  committee  has  recently  prepared  regulations  for  dust  explosion 
control  and  prevention  in  the  following  important  lines  of  industry  : 
(i)  Flour  and  feed  mills;  (2)  sugar  and  cocoa  pulverizing  sys¬ 
tems;  (3)  terminal  grain  elevators;  (4)  pulverized  fuel  installa¬ 
tions ;  and  (5)  starch  factories. 

These  regulations  have  been  approved  by  the  National  Fire 
Protection  Association  and  have  also  been  adopted  by  the  National 
Board  of  Fire  Underwriters.  They  have  also  been  approved  as 
“American  Standard  ”  by  the  American  Engineering  Standards 
Committee.  The  committee  is  endeavoring  to  prepare  similar  regu¬ 
lations  for  dust  explosion  prevention  in  other  representative  in¬ 
dustries  where  extensive  losses  of  life  and  property  have  been 
experienced. 

The  regulations  already  prepared  by  this  committee  have  also 
been  published  by  the  Department  of  Labor  as  Bulletin  No.  433 
entitled,  “  Safety  Codes  for  the  Prevention  of  Dust  Explosions  ” 
in  order  to  make  them  available  for  state  labor  departments,  in¬ 
dustrial  boards  and  similar  state  commissions  entrusted  with  the 
protection  of  employees  in  manufacturing  establishments. 

Inert  Gas  Investigations.  The  activities  of  the  Bureau  have  been 
confined  to  a  large  degree  to  the  prevention  of  dust  explosions  and 
fires  in  grain  handling  plants.  A  distinct  achievement  has  been  the 
designing  of  methods  and  equipment  for  the  use  of  inert  gases 
for  the  prevention  of  flame  propagation  in  grain  milling  and  con¬ 
veying  systems.  As  a  result  of  the  experimental  work  in  the 
Bureau  it  was  found  that  by  the  reduction  of  the  oxygen  content 
of  the  atmosphere,  flame  propagation  could  be  controlled,  so  that 
in  the  grinding  of  oats  or  corn  the  removal  of  the  oxygen  and  the 
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replacement  by  inert  gas- — either  carbon  dioxide  or  nitrogen — the 
spreading  of  the  fire  could  be  prevented.  A  special  demonstration 
plant  was  installed  at  Arlington  Farm  and  this  plant  was  visited 
by  a  large  number  of  representatives  from  industrial  companies 
interested  in  dust  explosion  prevention.  Many  companies  sent 
representatives  to  witness  these  inert  gas  demonstrations  or  re¬ 
quested  specific  information  from  the  Bureau  to  enable  them  to 
consider  installing  inert  gas  equipment  at  their  plants  for  dust 
explosion  protection. 

As  a  result  of  this  work  in  the  Bureau  the  inert  gas  method  has 
been  developed  to  a  satisfactory  degree  and  is  now  recognized  as 
an  effective  method  for  the  prevention  of  dust  explosions  in  grain 
grinding  systems.  The  engineers  are  cooperating  with  a  number  of 
industrial  companies  and  insurance  organizations  in  the  installation 
of  inert  gas  systems  embodying  the  methods  worked  out  by  the 
Bureau. 

Control  of  Static  Electricity.  Considerable  progress  has  been 
made  in  the  development  of  belt  dressings  for  the  control  of  static 
electricity  in  industrial  plants.  Disastrous  losses  have  been  expe¬ 
rienced  from  static  electricity  which  has  been  a  prominent  cause  of 
dust  explosions  and  fires.  Satisfactory  results  were  obtained  in  the 
development  of  a  dressing  for  use  on  rubber  belts  and  the  material 
has  been  tried  out  with  encouraging  results  in  a  number  of  grain 
milling  plants.  Special  attention  was  given  to  the  development  of 
similar  dressings  for  use  on  leather  belts,  and  further  experimental 
work  is  planned  on  this  phase  of  the  project. 

Explosibility  Service  Testing.  The  Bureau  renders  special  ser¬ 
vice  in  making  laboratory  determinations  relating  to  explosibility 
factors  of  various  samples  of  industrial  dusts  submitted  by  manu¬ 
facturing  companies,  insurance  associations,  safety  organizations, 
and  similar  agencies  throughout  the  country.  The  explosibility 
factors  are  essential  in  order  to  determine  the  proper  equipment 
for  dust  explosion  control  in  the  industry  concerned.  This  labora¬ 
tory  service  includes  the  determination  of  the  ignition  tempera¬ 
tures,  limits  of  concentration,  rate  of  flame  propagation,  and  other 
factors  relating  directly  to  the  explosibility  of  dusts.  In  this  dust 
explosion  prevention  work  the  Bureau  enjoys  close  cooperation 
with  state  industrial  boards,  safety  commissions,  and  similar 
agencies  concerned  with  accident  prevention. 
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Explosions  in  Grain  Threshing  Machines.  The  engineers  of  the 
Bureau  have  been  instrumental  in  the  development  of  methods  for 
the  control  of  dust  explosions  and  fires  in  grain  threshing  machines, 
especially  in  the  Pacific  Northwest.  These  devices  include  a 
specially  designed  fan  for  the  removal  of  smut  dust  above  the 
cylinder,  a  grounding  system  for  the  removal  of  static  electricity 
during  threshing  operations,  and  an  automatic  fire  extinguisher. 
These  devices  have  been  instrumental  in  the  reduction  of  losses 
from  explosions  and  fires  in  grain  threshing  machines,  and  in  the 
reduction  of  insurance  rates  where  the  protective  methods  are 
properly  installed  and  applied. 

Cotton  Gin  Fire  Prevention.  The  Bureau  has  rendered  effective 
service  in  the  development  of  control  methods  for  the  prevention 
of  fires  in  cotton  gins.  An  effective  grounding  system  has  been 
designed  for  the  control  of  static  electricity  during  gin  operations. 
The  efficiency  of  this  method  has  been  recognized  by  the  insurance 
underwriters  with  the  result  that  a  reduction  in  rate  is  allowed  when 
the  method  is  applied. 

Dust  Collecting  Systems.  The  Bureau  has  made  special  studies 
to  determine  the  practical  possibility  of  installing  effective  dust¬ 
collecting  systems  for  the  control  of  explosive  dust  created  in  the 
handling  and  storing  of  grain  in  terminal  grain  elevators.  This  work 
involved  special  engineering  investigations  to  determine  the  points 
of  suction  application,  type  and  design  of  hoods,  apparent  effect 
on  grain  weights,  and  other  factors  related  to  the  weight  readjust¬ 
ment  of  existing  commercial  practices.  The  Bureau  has  published 
the  result  of  these  investigations,  together  with  recommendations 
for  the  installation  of  dust-control  equipment  for  grain  elevators. 
This  work  was  done  in  cooperation  with  the  Terminal  Elevator 
Grain  Merchants  Association,  the  National  Fire  Protection  Asso¬ 
ciation,  and  the  Underwriters’  Laboratories. 

Farm  Fire  Prevention.  Complying  with  requests  from  the  agri¬ 
cultural  and  other  national  organizations  the  Department  of  Agri¬ 
culture  has  assumed  leadership  in  a  general  study  of  the  causes  of 
farm  fires  and  the  development  of  methods  for  their  control  and 
prevention.  Close  cooperation  is  maintained  with  practically  all 
national  organizations  interested  in  farm  fire  prevention.  These 
organizations  include  the  National  Fire  Protection  Association,  the 
National  Board  of  Fire  Underwriters,  the  Agricultural  Committee 
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of  the  Chamber  of  Commerce  of  the  United  States,  the  American 
Farm  Bureau  Federation,  and  similar  farm  organizations.  The 
engineer  in  charge  of  this  work  in  the  Department  is  chairman  of 
the  Committee  on  Farm  Fire  Protection  of  the  National  Fire 
Protection  Association,  and  this  committee  includes  representatives 
from  a  large  number  of  national  organizations  engaged  in  farm 
fire  prevention. 

This  work  on  farm  fire  prevention  and  protection  has  been 
recently  undertaken  and  relates  to  the  reduction  of  the  losses  of 
life  and  property  caused  by  fires  on  farms  and  in  rural  communities. 
The  annual  fire  loss  in  the  United  States  is  approximately 
$570,000,000.  It  has  been  estimated  that  3500  people  are  burned 
to  death  in  farm  fires  each  year,  and  that  $150,000,000,  or  nearly 
one-third  of  the  national  fire  loss,  is  the  annual  loss  from  fires  on 
farms  and  in  rural  communities. 

The  proposed  research  plans  011  farm  fire  prevention  and  protec¬ 
tion  include  statistical  data  on  farm  fire  losses,  both  life  and 
property,  and  classification  of  hazards ;  protection  against  lighting ; 
construction  and  location  of  farm  buildings ;  heating  apparatus ; 
development  of  standards  for  electrical  installations  on  farms ;  first 
aid  appliances;  handling  and  storing  of  gasoline  and  kerosene; 
rural  (community)  fire  protection ;  and  special  research  on  spon¬ 
taneous  combustion. 

Heating  and  Spontaneous  Combustion  of  Farm  Products.  One 
of  the  most  pressing  problems  now  awaiting  solution  in  agricultural 
chemical  research  is  that  of  the  heating  and  “  spontaneous  combus¬ 
tion  ”  (self-ignition)  of  farm  products.  Reports  received  by  the 
Bureau  show  that  in  one  year  the  losses  attributed  to  farm 
fires  due  to  spontaneous  combustion  amounted  to  approximately 
$8,000,000.  In  addition  $55,000,000  has  been  assigned  to  unknown 
causes,  making  a  total  of  approximately  $63,000,000 — about  42  per 
cent  of  the  total  annual  $150,000,000  farm  fire  loss.  This  does  not 
include  the  far  greater  loss  from  spoilage  of  farm  products,  due  to 
spontaneous  heating  where  there  was  no  combustion  and  for  which 
there  would  be  no  fire  loss  adjustment. 

It  has  been  claimed  that  the  spontaneous  heating  which  develops 
in  hay,  cattle  feeds,  horse  manure,  and  other  agricultural  products 
owes  its  inception  to  the  action  of  bacteria  and  other  ferments. 
Under  certain  conditions  of  moisture  and  other  factors  which  the 
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Bureau  will  endeavor  to  determine,  the  heat  thus  developed  may 
proceed  to  the  temperature  of  ignition.  Dairy  feeds,  molasses  feeds, 
oil  cake  meals,  hay,  sugar-cane  bagasse,  and  many  other  agricultural 
products  are  liable  to  heat  and  ignite  spontaneously.  The  Bureau 
has  received  numerous  requests  for  assistance  from  farmers,  dairy¬ 
men,  feed  manufacturers,  and  others  who  have  experienced  losses 
from  spontaneous  combustion. 

Color  and  Farm  Waste  Work.  Specific  appropriation  is  annually 
made  “  for  investigation  and  experiment  in  the  utilization,  for 
coloring,  medicinal  and  technical  purposes,  of  raw  materials  grown 
or  produced  in  the  United  States.”  The  purpose  of  this  activity,  as 
indicated  in  the  appropriation,  is  to  increase  the  utilization  of  raw 
materials  produced  in  the  United  States  and  to  reduce  the  prevalent 
agricultural  and  other  industrial  wastes.  The  Bureau’s  investiga¬ 
tions,  which  are  carried  on  in  cooperation  with  interested  indi¬ 
viduals  and  organizations,  consist  of  exhaustive  studies  in  the 
physical  and  chemical  properties  of  crudes,  intermediates,  and  dyes  ; 
chemical  studies  of  biological  stains;  the  utilization  of  lignin  and 
other  agricultural  wastes,  and  an  examination  into  possible  appli¬ 
cation  to  industry  of  the  fermenting  power  of  micro-organisms. 

The  investigation  of  color  substances  is  designed  to  aid  the 
manufacturers  of  dyes  and  intermediates  in  the  development  of 
more  efficient  factory  processes  and  in  the  improvement  of  the 
quality  of  the  product.  The  work  is  at  present  being  prosecuted 
along  the  two  lines  of  intermediates  and  biological  stains. 

Special  emphasis  is  given  to  the  development  of  new  or  improved 
methods  of  production  of  some  of  the  more  expensive  intermedi¬ 
ates,  with  especial  reference  to  those  used  in  vat  dyes.  The  labora¬ 
tory  is  equipped  with  apparatus  for  production  and  tests  on  a  semi¬ 
manufacturing  scale,  with  which  uniform  batches  of  the  substances 
studied  may  be  obtained,  and  with  which  new  processes  may  be 
studied  on  a  larger  scale  than  is  possible  in  an  ordinary  laboratory. 
In  this  work  the  Division  cooperates  with  manufacturers  and  users 
of  dyestuffs.  It  occasionally  produces  special  dyes  needed  for  im¬ 
portant  work  which  are  not  obtainable  elsewhere.  The  function  of 
the  Bureau  is  to  aid,  in  a  stimulative,  non-competitive  way,  the 
development  of  the  American  dye  industry. 
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Analyses  are  made  of  biological  stains  for  their  certification. 
These  dyes  are  used  by  bacteriologists,  health  officers,  and  physi¬ 
cians  for  identifying  micro-organisms  that  produce  disease,  and  are 
of  the  utmost  importance  to  many  lines  of  medicinal  and  biological 
research  and  practice.  Formerly  these  stains  could  be  obtained 
only  from  Germany,  but  since  the  war  they  are  being  produced  in 
this  country.  The  work  of  the  Bureau  has  progressed  along  the 
dual  lines  of  standardization  and  improvement,  with  studies  of  the 
physical  and  chemical  characteristics  of  many  of  the  well-known 
stains,  and  it  has  resulted  in  the  drawing  up  of  specifications  of 
many  of  the  stains,  and  has  shown  that  the  American  stains  are  as 
good  as,  or  better  than,  the  pre-war  imported  stains.  It  has  led  to 
more  exhaustive  researches  on  the  question  of  staining. 

Special  attention  is  being  given  to  many  of  the  agricultural 
wastes,  peanut  hulls  and  lignin  being  the  present  subjects  of  in¬ 
vestigation.  It  is  hoped  by  the  Bureau  that  use  may  be  found  for 
the  pulp  of  the  peanut  hulls  which  is  of  good  quality,  though 
short  in  fiber.  The  question  of  fermentation  of  the  pentosan  content 
is  being  considered  also.  The  Bureau  is  making  an  investigation  of 
lignin  with  the  view  of  discovering  a  possible  use  for  it  as  varnish, 
as  a  dye-stuff,  and  as  tanning  material.  Lignin  constitutes  one- 
quarter  to  one-third  the  weight  of  all  wood,  cornstalks,  cotton- 
stalks,  straw,  sawdust,  and  similar  agricultural  waste,  and  prac¬ 
tically  all  of  the  soluble  matter  of  the  waste  of  paper  factories. 
Great  possibilities  are  anticipated  in  its  utilization,  and  the  experi¬ 
mental  work  of  the  Bureau  in  this  line  is  being  actively  carried  on. 

A  great  deal  of  attention,  both  in  this  country  and  elsewhere,  is 
being  paid  to  the  chemical  production  that  can  be  accomplished  by 
means  of  the  biochemical  action  of  micro-organisms.  The  Bureau 
has  studied  the  action  of  molds  on  corn  sugar  and  has  found  that 
gluconic  acid,  a  hitherto  rare  acid,  can  be  produced  in  this  manner 
on  a  commercial  scale.  Further  studies  of  a  similar  nature  are 
being  considered. 

Crop  Chemistry  Studies.  Studies  are  being  made  of  the  chemical 
composition  of  crops  and  of  the  effects  of  soil  acidity,  of  various 
methods  of  fertilization,  of  cultivation,  and  of  other  factors  upon 
the  chemical  composition,  nutritive  properties,  and  industrial  value 
of  crops.  The  object  of  these  investigations  is  to  improve  the 
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quality  and  yield  of  crops  by  the  development  of  better  methods 
of  fertilization  and  cultivation. 

Special  attention  is  being  given  to  the  improvement  of  the  quality 
of  wheat  by  increasing  its  protein  content.  The  Bureau  has  found 
that  by  adding  ioo  to  150  pounds  of  sodium  nitrate  per  acre  to  a 
field  of  wheat  at  the  time  of  heading,  the  protein  content  of  the 
grain  can  be  raised  considerably,  an  increase  from  eleven  to  as 
much  as  16  per  cent  occurring  in  favorable  years.  Further  experi¬ 
ments  are  being  made  in  varying  the  time  and  amounts  of  applica¬ 
tion,  which  have  helped  to  show  the  quantities  and  the  stage  of 
growth  at  which  nitrogenous  fertilizers  can  be  most  profitably 
added.  Baking  tests  have  been  made,  showing  that  improved 
baking  quality  is  associated  with  the  high  protein  wheat  obtained 
by  this  method.  These  studies  have  been  made  thus  far  chiefly  on 
small  plots  on  the  Arlington  Experimental  Farm,  and  the  experi¬ 
ments  are  now  being  repeated  on  a  large  acreage  scale  in  various 
localities  to  obtain  data  to  demonstrate  the  practical  value  of  the 
Bureau’s  discoveries. 

Preliminary  studies  have  been  made  of  the  influence  of  soil 
acidity  on  the  yield  and  composition  of  lettuce,  tomatoes,  and  cer¬ 
tain  other  crops,  in  order  to  obtain  practical  knowledge  concerning 
the  degree  of  soil  acidity  best  suited  to  their  production. 

Another  study  recently  carried  on  was  an  investigation  of  the 
effect  of  transplanting  upon  the  composition  of  tomato  seedlings, 
in  order  to  determine  the  best  methods  of  transplanting.  The  results 
obtained  may  lead  to  an  improvement  in  the  methods  of  growing 
tomatoes,  more  especially  the  early  tomatoes  which  bring  the 
highest  prices. 

Other  activities  in  the  field  of  crop  chemistry  at  present  being 
carried  on  by  the  Crop  Chemistry  Laboratory  are  studies  on  the 
absorption  of  phosphorus  by  wheat  seedlings  from  various  phos¬ 
phorus  carriers ;  a  study  of  the  amount  of  plant  food  removed  by 
the  thinning  of  corn;  surveys  of  the  soil  reaction  preferences  of 
plants  of  horticultural  interest ;  and  determination  of  the  com¬ 
position  of  the  ash  of  Spanish  moss  which  is  used  industrially  for 
various  purposes. 

The  success  which  has  been  attained  in  developing  practical 
methods  of  increasing  the  protein  content  of  wheat  by  applying 
nitrogenous  fertilizers  to  the  field  at  late  stages  in  the  growth  of  the 
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plants,  suggests  the  desirability  of  further  studies  along  this  line. 
These  are  planned  to  include  the  increasing  of  the  content  of  phos¬ 
phorus,  and  other  chemical  elements  important  in  human  nutrition, 
in  wheat,  as  well  as  in  other  crop  plants. 

The  extensive  demand  for  information  as  to  the  soil  reaction 
preferences  of  plants,  both  of  agricultural  and  horticultural  interest, 
and  the  wide  use  to  which  data  obtained  on  this  subject  by  the 
Bureau  are  being  put,  makes  further  work  along  this  line  seem 
highly  desirable. 

Food  Research.  With  the  organization  of  the  Bureau  of  Chemis¬ 
try  and  Soils  in  1927,  there  was  created  a  “  Food  Research  Divi¬ 
sion  ”  to  consolidate  the  various  food  research  activities  formerly 
conducted  in  separate  laboratories  of  the  old  Bureau  of  Chemistry. 
These  separate  units  were  the  Laboratory  of  Fruit  and  Vegetable 
Chemistry,  located  at  Los  Angeles,  the  Microchemical  Laboratory, 
and  the  Microbiological  Laboratory.  In  addition  to  these  activities, 
provision  was  made  for  the  development  of  work  in  the  fields  of 
phytochemistry,  toxicology,  cereal  chemistry,  chemistry  of  plant 
products,  and  metals  in  foods. 

The  following  activities  are  included  under  the  general  head 
of  food  research:  Fruit  and  vegetable  chemistry;  phytochemical 
investigations ;  cereal  chemistry ;  metals  in  foods ;  toxicological  in¬ 
vestigations  ;  chemistry  of  plant  products ;  food  microscopy ;  and 
food  deterioration. 

Fruit  and  Vegetable  Chemistry.  The  work  in  fruit  and  vegetable 
chemistry  is  conducted  at  Los  Angeles,  and  its  object  is  to  aid 
agriculture  in  the  fruit  and  vegetable  field  by  developing  new  and 
improved  methods  for  the  production  of  by-products  from  cull  and 
surplus  fruits  and  vegetables,  by  investigation  of  the  composition 
of  fruits  and  vegetables,  including  effects  of  chemical  stimulants,  as 
well  as  work  on  maturity  standards,  by  investigation  of  dehydra¬ 
tion  and  sun-drying  of  fruits  and  vegetables  with  special  reference 
to  the  sulphuring  process,  and  by  a  study  of  the  effect  of  freezing 
on  the  composition  of  fruits  and  vegetables.  Important  contribu¬ 
tions  have  been  made  to  the  technology  of  citric  acid,  calcium  citrate, 
citrus  pectin,  and  orange  and  lemon  oils.  Maturity  standards  for 
oranges,  avocados,  grapefruit,  cantaloupes,  and  pomegranates  have 
been  developed.  Dehydration  studies  have  added  to  our  available 
information  on  this  method  of  preservation. 


128 


BUREAU  OF  CHEMISTRY  AND  SOILS 


Phyto chemical  Investigations .  This  field  of  work  has  for  its 
object  the  making  of  systematic  and  complete  investigations  of 
various  plants  in  order  to  determine  the  nature  of  their  principal 
organic  constituents.  Important  investigations  on  the  distribution 
and  character  of  some  odorous  principles  of  plants ;  the  odorous 
constituents  of  apples ;  the  odorous  constituents  of  peaches ;  the 
odorous  constituents  of  the  cotton  plant ;  the  process  of  ripening  in 
the  tomato,  considered  especially  from  the  commercial  standpoint ; 
pigments  of  the  Mendelian  color  types  in  maize ;  constituents  of 
the  wax-like  coating  on  the  surface  of  the  apple.  Anthocyanin 
formation  in  Helianthus  annuus  have  already  been  made. 

Cereal  Chemistry.  The  studies  in  cereal  chemistry  are  designed 
to  furnish  scientific  data  which  will  be  of  value  in  the  application 
and  utilization  of  cereals.  The  principles  underlying  milling  and 
baking  operations,  the  changes  which  food  materials  undergo  when 
subjected  to  these  operations,  the  milling  or  preparation  of  cereals 
and  grains  other  than  wheat  and  rye,  the  utilization  of  the  resultant 
products  for  food  purposes,  the  by-products  of  various  milling 
operations,  the  raw  materials  used  in  baking,  and  methods  of  manu¬ 
facture  of  special  cereal  products,  are  all  types  of  work  which  are 
included  in  this  unit. 

Metals  in  Foods.  The  natural  occurrence  of  minute  amounts  of 
certain  metals  is  of  special  importance  owing  to  the  possible  rela¬ 
tion  of  these  metals  to  certain  nutritional  problems.  Large  quan¬ 
tities  of  these  metals,  acquired  by  contact  with  apparatus  and  con¬ 
tainers,  may  have  a  bearing  on  the  health  of  persons  consuming 
such  foods.  Studies  are  being  made  of  the  natural  occurrence  of 
certain  metals  in  foods,  of  the  conditions  under  which  foods  become 
contaminated  with  metals,  and  wherever  necessary,  of  improved 
methods  for  determining  metals  in  foods. 

Toxicological  Investigations.  The  relation  of  foods  to  health  is 
a  problem  of  very  great  importance.  The  contacts  which  many 
manufactured  and  prepared  foods  have  with  various  metals  render 
imperative  a  thorough  scientific  knowledge  of  the  relation  of  the 
ingestion  of  such  metals  to  the  health  of  persons  consuming  such 
foods.  In  combating  plant  disease  and  insects,  certain  chemical 
residues  remain  on  food  plants  which  may  render  such  foods  harm¬ 
ful  to  health  if  present  in  excessive  quantities.  The  successful  com¬ 
bating  of  insect  pests  in  stored  food  products  involves  the  use  of 
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chemicals  whose  toxicity  or  lack  of  toxicity  must  be  thoroughly 
studied.  A  study  is  being  made  of  the  chronic  and  acute  toxicities 
produced  by  the  ingestion  of  foods  which  have  become  contami¬ 
nated  with  various  metals  in  the  process  of  their  manufacture  or 
preparation,  or  which  have  various  spray  residues  or  residues  of 
fumigating  chemicals  remaining.  Studies  are  also  being  made  of  the 
toxicity  of  new  materials  recommended  for  improving  the  quality 
of  preparations  of  foods.  This  field  of  wrork  has  been  an  active  one 
in  the  history  of  the  Bureau  of  Chemistry.  Important  and  outstand¬ 
ing  studies  have  been  made  on  the  toxic  character  of  food  preserva¬ 
tives  such  as  formaldehyde,  benzoic  acid,  salicylic  acid,  and  borax. 
Extensive  toxicological  studies  have  also  been  reported  on  tin,  zinc, 
and  cadmium.  The  permitted  coal  tar  dyes  have  been  subjected  to 
toxicological  investigations,  and  elaborate  investigations  on  sac¬ 
charine  and  alum  have  also  been  conducted.  A  special  report  has 
been  issued  on  the  poisonous  effect  of  greening  vegetables  with 
copper  salts. 

Chemistry  of  Plant  Products.  A  study  is  being  made  of  special 
constituents  of  plants  and  plant  products,  such  as  pectins,  carbo¬ 
hydrates,  cellulose,  flavoring  constituents,  and  characteristic  acids. 
Studies  are  also  being  made  of  the  changes  taking  place  in  plant 
constituents  during  drying,  storage,  sulphuring,  treatment  with 
ethylene  gas,  and  during  other  preserving  methods.  The  pungent 
principles  of  ginger  and  of  grains  of  paradise  have  been  isolated, 
and  the  pungent  principle  of  capsicum  has  been  isolated  and  its 
chemical  constitution  established. 

American  spearmint  oil  was  examined  in  order  to  determine  the 
source  of  its  characteristic  odor.  A  series  of  investigations  has 
been  carried  out  on  the  characteristic  acids  of  fruits,  resulting  in 
the  isolation  and  identification  of  non-volatile  acids  in  strawberries, 
pineapples,  raspberries,  grapes,  apricots,  peaches,  blackberries, 
pears,  quinces,  apples,  loganberries,  blueberries,  cranberries,  lemons, 
and  pomegranates.  Studies  on  pectin  have  included  a  comparison 
of  apple  and  citrus  pectins  as  to  chemical  constitution,  examination 
of  pectins  from  lemon,  apple,  tomato,  and  sugar  beets,  and  a  study 
of  pectin  acids.  Investigations  have  recently  been  completed  on  the 
acids  in  figs,  the  flavors  of  maple  sirup,  the  acids  of  maple  sirup, 
and  the  acids  of  maple  sugar  “  sand.” 
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Food  Microscopy.  The  work  in  food  microscopy  covers  a  broad 
field  in  which  bacteriology,  mycology,  microscopy,  and  microbiology 
are  applied  to  the  consideration  of  specific  problems  involved  in  the 
preparation  and  preservation  of  foods  by  fermentation  and  pick¬ 
ling,  the  preservation  and  spoilage  of  food  products,  and  the  fer¬ 
mentation  and  heating  of  farm  products.  The  normal  histological 
structures  and  microchemical  reactions  of  fruits,  vegetables,  and 
other  food  plants,  and  plant  parts,  are  studied  in  order  to  show  the 
changes  undergone  in  storage  and  spoilage,  and  the  effects  produced 
by  the  special  processing  of  foods  and  food  products  are  determined. 

Important  contributions  have  already  been  made  to  the  knowl¬ 
edge  of  the  bacteriology  of  sauerkraut  production,  the  preservation 
of  vegetables  by  fermentation  and  salting,  the  manufacture  of  fer¬ 
mented  pickles,  the  manufacture  of  soy  sauce,  a  description  of  the 
methods  followed  in  the  commercial  canning  of  foods,  a  study  of 
the  spoilage  of  confections,  a  study  of  the  spoilage  of  fresh 
vegetables,  and  an  extensive  study  of  the  relation  of  infected 
foods  to  botulism.  Work  of  immense  practical  importance  to 
the  tomato,  blueberry,  and  cherry  canning  industries  has  been 
done,  which  has  resulted  in  great  improvement  in  the  quality  of 
the  canned  products  prepared  in  these  industries.  A  critical  study 
of  the  problems  involved  in  the  handling  of  figs  has  been  made 
which  will  prove  of  considerable  value  to  the  American  fig  industry. 

Food  Deterioration.  Experiments  are  being  made  upon  the 
alterations  in  chemical  composition  which  various  food  products 
undergo  as  a  result  of  the  action  of  microorganisms,  enzymes, 
atmospheric  influences  and  internal  molecular  changes.  This  work 
has  a  very  practical  bearing  upon  the  development  of  proper 
methods  for  preserving  and  storing  food  products.  The  importance 
of  this  work  is  very  apparent  when  it  is  considered  that  the  total 
annual  losses  from  the  deterioration  of  food  products  in  the  United 
States  amounts  each  year  to  several  hundred  million  dollars. 

Future  Plans.  The  future  trend  of  the  work  of  this  Division  is 
largely  indicated  in  the  statements  presenting  the  objects  of  the 
present  work.  All  of  the  work  of  food  research  must  be  conducted 
in  the  closest  contact  and  cooperation  with  the  various  food  in¬ 
dustries  in  order  that  a  proper  perspective  may  be  had  of  the  funda¬ 
mental  problems  now  unsolved  in  the  field  of  food  preparation  and 
technology.  It  is  the  purpose  of  this  work  to  undertake  such  specific 
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fundamental  problems  as,  because  of  their  nature,  cannot  be  under¬ 
taken  either  by  individual  food  manufacturers  or  food  organiza¬ 
tions.  All  lines  of  activities  have  field  contacts  so  that  the  work 
constantly  has  a  practical  aspect. 

Insecticide  and  Fungicide  Investigations.1  The  work  on  in¬ 
secticides  and  fungicides  is  carried  on  under  an  appropriation  “  for 
the  investigation  and  development  of  methods  of  manufacturing 
insecticides  and  fungicides,  and  for  investigating  chemical  prob¬ 
lems  relating  to  the  composition,  action,  and  application  of  insecti¬ 
cides  and  fungicides.”  The  problems  studied  under  this  head  relate 
to  the  composition,  manufacture,  action,  and  application  of  in¬ 
secticides  and  fungicides.  The  purpose  of  this  work  is  to  develop 
better  and  cheaper  chemical  compounds  for  the  more  effective  con¬ 
trol  of  fungi  and  insects  in  order  to  reduce  the  enormous  losses 
that  occur  from  these  causes. 

Much  attention  has  recently  been  given  to  the  development,  as 
a  substitute  for  carbon  disulphide,  of  a  grain  fumigant  for  killing 
weevils  and  other  insects  that  infest  grain,  which  is  free  from  fire 
hazard,  carbon  disulphide  being  highly  inflammable.  In  cooperation 
with  the  Bureau  of  Entomology,  several  non-inflammable,  non¬ 
explosive  fumigants  have  been  developed.  Among  these  are  the 
methyl  and  ethyl  esters  of  monochloroacetic  acid,  the  isopropyl  and 
secondary  butyl  esters  of  formic  acid  in  admixture  with  carbon 
tetrachloride,  and  a  mixture  of  three  volumes  of  ethylene  dichloride 
with  one  volume  of  carbon  tetrachloride.  This  last-mentioned  mix¬ 
ture  has  proven  popular  for  the  fumigation  of  clothes  moths, 
carpet  beetles  and  furniture  beetles  which  are  very  destructive  to 
woolen  and  mohair  fabrics.  The  ethylene  dichloride  fumigant  is 
now  being  used  by  furniture  warehousemen  for  the  fumigation  of 
rugs,  tapestries  and  upholstered  furniture  and  its  use  has  grown 
to  such  proportions  since  its  introduction  to  the  public  in  Septem¬ 
ber,  1927,  that  it  is  now  quoted  in  carload  lots. 

The  mixture  costs  only  about  ten  cents  per  pound,  it  has  a 
pleasant  odor,  does  not  corrode  metals  nor  stain  or  bleach  fabrics, 
does  not  injure  the  germination  of  wheat  and  is  non-toxic  to  man. 

1  The  regulatory  work  in  connection  with  the  Insecticide  Act  of  April  26, 
19m  (3b  Stat.  L.,  331),  is  carried  on  by  the  Food,  Drug,  and  Insecticide 
Administration.  See  Institute  for  Government  Research  Service,  Monograph 
No.  50. 
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Mixtures  of  the  formic  acid  esters  with  carbon  tetrachloride  are 
also  commercially  available. 

The  vapor  pressure,  flash-points,  explosion  limits,  and  other 
physical  properties  of  fumigants  are  being  determined.  Many  data 
of  fundamental  importance  are  being  added  to  chemical  literature 
as  the  result  of  this  work. 

The  rate  of  vaporization  of  carbon  disulphide  has  been  studied 
and  an  apparatus  has  been  devised  for  its  rapid  volatilization.  The 
efficiency  of  naphthalene  vapor  as  a  fumigant  is  being  tested. 

Factors  influencing  the  toxicity  of  hydrocyanic  acid  gas  to  insects 
under  greenhouse  fumigation  conditions  are  being  investigated. 
Dosages  of  hydrocyanic  acid  much  smaller  than  those  hitherto 
recommended  have  been  found  effective  in  controlling  certain 
insects  in  greenhouses.  A  statistical  study  of  the  results  of  cyanide 
fumigation  is  in  progress.  The  rate  and  degree  of  evolution  of 
hydrocyanic  acid  gas  from  different  brands  of  calcium  cyanide  of 
varying  degrees  of  fineness  as  affected  by  differences  in  the  humid¬ 
ity  and  temperature  of  the  atmosphere  are  also  being  studied. 

In  cooperation  with  the  Federal  Horticultural  Board  and  the 
Bureau  of  Entomology,  an  investigation  has  been  made  to  ascer¬ 
tain  whether  certain  food  products  fumigated  with  hydrocyanic 
acid  to  destroy  insect  pests  are  rendered  unfit  for  human  consump¬ 
tion.  A  publication  has  been  issued  showing  the  quantities  of 
hydrocyanic  acid  that  are  absorbed  and  retained  by  fumigated  dried 
fruits,  candy  and  candy  making  materials,  cereals,  meat  cheese,  and 
dried  milk,  as  well  as  the  effect  of  storage  and  cooking  on  the 
hydrocyanic  acid  content. 

A  method  for  the  rapid  examination  of  foliage  for  spray  residues 
from  lead  arsenate  has  been  developed  in  cooperation  with  the 
Maryland  Agricultural  Experiment  Station.  By  its  use  investi¬ 
gators  are  enabled,  by  a  rapid,  easy,  and  sufficiently  accurate 
method,  to  study  the  distribution  of  sprays  and  dusts,  the  efficiency 
of  spreaders  and  stickers,  and  the  effects  of  rain  and  other  weather 
conditions  on  the  retention  of  insecticides  on  foliage. 

A  study  is  being  made  of  the  mineral  oil  emulsions  used  as 
insecticides,  designed  to  determine  the  conditions  under  which 
emulsions  may  be  prepared  and  the  conditions  which  influence  their 
stability.  The  Bureau  is  endeavoring  to  determine  what  are  the 
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best  oils  to  use,  what  is  the  best  emulsifier,  and  how  to  make  emul¬ 
sions  that  will  be  stable  under  all  conditions. 

The  problem  of  arsenical  spray  residue  upon  apples  sprayed  with 
lead  arsenate  is  receiving  careful  attention.  A  fully  equipped 
chemical  laboratory  is  being  installed  at  Wenatchee,  Washington, 
and  the  chemist  in  charge  will  devote  his  entire  time  to  the  problems 
arising  in  the  efforts  to  control  the  codling  moth  by  chemical  means. 

A  statistical  study  of  the  problem  of  sampling  apples  for  the 
determination  of  arsenical  spray  residue  has  shown  that  the 
quantity  of  residue  varies  so  greatly  on  different  apples  that  not 
less  than  fifty  apples  should  be  selected  for  analysis  in  order  to  ob¬ 
tain  a  correct  mean  value  for  the  entire  lot. 

Investigations  designed  to  find  an  effective  substitute  for  lead 
arsenate  for  use  against  the  codling  moth  are  actively  in  progress. 
Inorganic  compounds  containing  fluorine  (recognized  as  one  of  the 
most  effective  stomach  poisons  to  insects)  are  being  synthesized 
and  their  solubilities  and  other  properties  carefully  determined. 

Certain  compounds  of  high  insecticidal  efficiency  have  been 
synthesized  for  the  first  time,  and  it  is  expected  to  develop  from 
these  compounds  a  commercial  process  for  making  a  contact  insecti¬ 
cide  which  exceeds  nicotine  in  toxicity.  Methods  for  the  svnthesis 
of  nicotine  are  being  studied. 

Investigations  of  repellents  and  attractants  for  flies  are  being 
made  in  collaboration  with  the  Bureau  of  Entomology.  The  work 
of  the  Bureau'  has  resulted  in  the  use  of  pine-tar  oil  as  a  repellent 
dressing  for  wounds  on  domestic  animals,  and  large  manufacturers 
of  proprietary  screw- worm  killers  and  repellents  are  using  pine-tar 
oil  as  the  basis  of  their,  preparations  instead  of  the  injurious  coal- 
tar  phenols  formerly  used. 

The  Bureau  of  Chemistry  and  Soils  prepares  derivatives  of  pyri¬ 
dine,  pyrollidine,  and  the  dipyridyls,  and  the  Bureau  of  Entomology 
tests  their  toxicity  upon  aphide. 

A  monthly  “  Review  of  United  States  Patents  Relating  to  Pest 
Control  ”  is  issued  by  the  Insecticide  Division  of  the  Bureau  of 
Chemistry  and  Soils.  This  abstracts  all  United  States  patents 
relating  to  insecticides,  fungicides,  bactericides,  weed  killers,  and 
apparatus  for  the  destruction  of  injurious  plants  and  animals  of  all 
kinds.  This  Review  is  sent  to  entomologists,  plant  pathologists, 
bacteriologists,  and  chemists,  and  the  mailing  list  now  includes 
over  five  hundred  names. 
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Oil,  Fat,  and  Wax  Investigations.  Progress  in  the  development 
and  extension  of  the  fat,  oil,  and  wax  industries  depends  in  no 
small  measure  upon  a  more  intimate  and  exact  knowledge  of  the 
composition,  as  well  as  the  chemical  and  physical  properties  of 
these  substances,  both  crude  and  refined.  Accordingly,  this  Bureau 
is  conducting  studies  on  the  composition,  characteristics  and  prop¬ 
erties  of  these  products.  Methods  are  devised  or  improved  for  the 
investigation  of  various  classes  of  oils  and  for  the  detection  of 
adulterants.  New  derivatives  of  the  higher  fatty  acids  are  pre¬ 
pared  and  their  properties  are  studied  to  ascertain  whether  any  of 
these  compounds  may  serve  for  the  quantitative  separation  of  any 
of  these  fatty  acids  from  each  other.  Also,  various  types  of  glycer¬ 
ides  are  prepared  and  studied  to  get  a  more  intimate  knowledge  of 
their  properties  with  the  view  of  separating  and  identifying  those 
glycerides  which  occur  in  fats  and  oils.  Investigations  are  made 
for  the  purpose  of  determining  the  variations  in  the  characteristics 
of  the  more  commercially  important  vegetable  oils  caused  by  geo¬ 
graphic  and  seasonal  conditions. 

In  recent  years,  the  Bureau  has  given  special  attention  to  the 
study  of  the  constituents  of  crude  and  refined  cotton  seed  oil ;  the 
action  of  sunlight  on  various  oils  and  fatty  acids  ;  the  keeping  qual¬ 
ity  of  crude  cotton  seed,  linseed,  and  peanut  oils  in  contact  with 
press  foots,  compared  with  portions  of  the  same  oils  from  which 
the  foots  were  separated  directly  after  expression ;  the  composition 
and  characteristics  of  olive  oils  from  California,  Italy,  Spain,  and 
Tunis ;  the  preparation  and  properties  of  phenacyl  derivatives  of 
the  saturated  fatty  acids.  From  time  to  time  vegetable  oils  from 
new  sources  are  examined  to  discover  the*  purposes  they  may  serve 
and  whether  it  is  feasible  to  produce  them  commercially.  So  far, 
no  extensive  investigations  have  been  undertaken  in  connection 
with  the  waxes. 

Some  of  the  investigations  which  have  been  made  are  as  follows : 
The  character  and  quantity  of  fatty  acids  in  the  form  of  glycerides 
in  oils  of  Chufa  tuber,  cotton  seed,  corn,  cantaloupe  seed,  ergot, 
hubbard  squash  seed,  tomato  seed,  soy  bean,  sesame  seed,  sun¬ 
flower  seed,  okra  seed,  rice  bran,  Otoba  myristica  (American 
nutmeg),  Virginia  and  Spanish  peanuts,  avocado,  and  olive  oils 
from  California,  Italy,  Spain  and  Tunis.  The  non-glyceride  con¬ 
stituents  of  crude  cotton  seed  oil  have  been  largely  identified  and 
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their  properties  have  been  studied  with  special  reference  to  their 
effect  upon  the  retention  of  neutral  oil  by  the  soap  stock  when  the 
oil  is  refined  by  the  customary  caustic  soda  method.  It  was  found 
that  crude  cotton  seed  oil  contains  small  quantities  of  the  carbohy¬ 
drates  raffinose  and  pentosans,  proteoses,  resin,  inosites,  phosphates 
and  phosphatides,  such  as  the  lecithins,  all  of  which  have  more  or 
less  emulsifying  properties.  The  retention  of  neutral  oil  by  the 
soap  stock  is  due  in  no  small  part  to  these  substances. 

An  extensive  study  was  made  of  the  character  of  more  than 
forty  samples  of  crude  cotton  seed  oil  which  were  collected  from 
all  the  important  producing  regions  of  the  United  States,  except 
California.  For  the  most  part,  the  characteristics  of  these  oils  were 
remarkably  uniform  which  indicated  that  they  were  not  appreci¬ 
ably  influenced  by  the  different  regions  in  which  the  cotton  seed 
was  grown.  Similar  but  less  extensive  investigations  were  made 
on  representative  commercial  samples  of  corn  and  peanut  oils,  with 
the  result  that  data  more  accurate  as  well  as  more  comprehensive 
than  that  previously  available  were  obtained. 

Protein  and  Nutrition  Investigations.  The  Bureau  is  carrying 
on  investigations  to  determine  the  chemical  composition  and  nutri¬ 
tive  value  of  the  proteins  of  various  food  stuffs.  Investigations  are 
also  conducted  on  methods  of  estimating  vitamins  and  their  distri¬ 
bution  in  foods. 

Researches  in  recent  years  have  shown  that  proteins  of  different 
origin  vary  materially  in  chemical  composition,  some  proteins  being 
deficient  in  certain  amino  acids  which  are  essential  to  proper  nutri¬ 
tion.  Several  proteins  in  some  of  our  important  foodstuffs  are 
deficient  or  lacking  in  one  or  more  of  these  nutritionally  essential 
amino  acids.  Young  animals  depending  on  such  a  deficient  protein 
in  their  ration,  even  though  supplied  in  liberal  quantity,  will  make 
little  or  no  growth.  If  there  is  added  to  this  ration,  however,  some 
feedstuff,  the  proteins  of  which  are  rich  in  these  same  amino  acids, 
then,  the  proteins  of  the  mixture  will  be  satisfactory  for  normal 
growth.  An  exact  knowledge  of  the  chemical  composition  of  the 
different  proteins  in  foods  is  therefore  essential,  not  only  to  know 
whether  they  are  adequate  in  themselves,  but  also  to  know  when 
they  are  deficient,  what  amino  acids  are  lacking,  and  what  proteins 
can  be  added  to  correct  the  deficiencies.  This  requires  extended 
and  difficult  research  work. 
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The  work  of  the  Bureau  in  this  field  includes  the  determination 
of  the  chemical  and  nutritive  properties  of  proteins  and  of  amino 
acids  as  a  basis  for  ascertaining  their  food  value ;  the  development 
and  improvement  of  analytical  methods  for  the  study  of  proteins 
in  natural  products,  and  for  the  determination  of  amino  acids  in 
proteins ;  the  determination  of  the  nutritive  value  of  various  pro¬ 
teins  by  means  of  feeding  experiments  with  small  animals ;  the 
determination  of  how  certain  proteins  of  poor  nutritional  quality 
can  be  satisfactorily  corrected  or  supplemented  by  the  addition  of 
other  proteins  of  good  quality  so  that  the  resulting  mixture  will 
furnish  proteins  containing  amino  acids  adequate  for  the  normal 
nutrition  of  animals ;  the  investigation  of  proteins  of  certain  seeds 
and  plants  which  as  yet  have  not  been  used  for  food,  to  ascertain 
their  food  value. 

The  chemical  studies  are  supplemented  by  feeding  experiments 
with  small  animals.  Albino  rats  are  chiefly  used  for  this  purpose. 
Food  values  are  estimated  by  such  criteria  as  rate  of  growth  of 
young  animals,  capacity  for  reproduction  and  ability  of  females  to 
nurse  and  rear  their  young,  and  freedom  from  infections  and 
diseases  incident  to  faulty  nutrition. 

Combinations  have  been  worked  out  for  farm  animals  to  over¬ 
come  the  inferiorities  of  the  proteins  of  corn,  lentils,  beans,  and 
other  feeding  materials,  and  the  results  have  been  recognized  as  of 
great  value  by  practical  feeders.  Analyses  of  the  proteins  of  wheat 
bran  have  shown  that  these  proteins  are  remarkably  rich  in  the 
amino  acids  which  are  deficient  in  the  proteins  of  white  flour,  and 
feeding  experiments  have  confirmed  the  results  attained  by  the 
chemical  analyses.  The  investigation  shows  that  in  modern  milling 
practice  at  least  22  per  cent  of  the  best  proteins  of  the  wheat  kernel 
are  largely  eliminated  with  the  bran,  and  the  results  suggest  that 
a  much  better  and  more  economical  utilization  of  the  wheat  should 
be  made.  The  nutritive  value  of  the  proteins  of  certain  types  of 
sea  foods,  as  oysters,  clams,  and  shrimp  which  have  never  been 
investigated,  is  being  comprehensively  studied. 

Because  of  the  meager  knowledge  regarding  peanut  proteins, 
extensive  investigations  were  conducted  to  determine  their  chemical 
properties  and  composition  and  to  ascertain  their  nutritional  value. 
The  results  showed  that  these  proteins  have  a  high  food  value,  and 
that  they  are  rich  in  certain  amino  acids  that  are  lacking,  or  present 
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in  small  quantities,  in  the  proteins  of  some  of  our  important  food¬ 
stuffs.  Feeding  experiments  demonstrated  that  peanut  proteins 
are  a  valuable  supplement  to  correct  the  nutritive  deficiencies  of 
several  of  the  common  cereals.  Animals  fed  a  ration  consisting  of 
twenty-five  parts  of  peanut  meal  and  seventy-five  parts  of  corn 
meal  grew  at  a  better  rate  than  when  fed  corn  alone.  A  formula 
was  developed  for  the  preparation  of  a  palatable  and  nutritious 
bread  containing  twenty-five  parts  peanut  flour  to  seventy-five 
parts  of  wheat  flour.  The  proteins  of  coconut,  soy  bean,  palm 
kernel,  and  tomato  seed  press  cake  were  also  found  to  be  efficient 
supplements  to  corn  proteins. 

Certain  fractions  of  the  proteins  of  pollen  have  been  investigated 
in  connection  with  their  relation  to  hay  fever. 

Investigations  are  conducted  to  estimate  the  quantity  of  vitamins 
in  different  foodstuffs ;  to  extend  our  knowledge  concerning  the 
properties  of  vitamins ;  to  develop  more  satisfactory  methods  for 
their  assay;  and  to  study  possible  effects  of  certain  commercial 
processes  used  in  the  manufacture  of  food  preparations  upon  the 
vitamins  in  the  original  material.  Among  the  various  foodstuffs 
that  have  been  studied  to  determine  their  vitamin  content  are  eggs, 
lentils,  peanuts,  citrus  fruits,  avocados,  and  potatoes. 

A  thorough  study  of  the  vitamin  content  of  oysters  and  clams 
showed  that  both  are  good  sources  of  vitamins  A  and  D.  Unlike 
oysters,  which  contain  considerable  vitamin  B,  clams  are  practically 
devoid  of  this  vitamin. 

An  investigation  to  determine  the  effect  of  long-continued 
storage  at  low  temperature  on  the  vitamin  A  content  of  eggs 
showed  that  eggs  after  having  been  held  in  storage  in  a  frozen 
condition  for  nine  years  were  practically  as  rich  as  fresh  eggs  in 
this  vitamin. 

Studies  on  sugar  cane  juice  have  shown  that  it  contains  little 
or  no  vitamins  A  and  D,  and  but  little  vitamin  B.  The  upper  parts 
of  sugar  cane  stalks  contain  more  vitamin  B  than  do  the  lower 
parts,  and  juice  expressed  from  the  stalks  at  a  high  pressure  is 
richer  in  this  vitamin  than  juice  obtained  at  a  lower  pressure. 

Important  data  have  been  obtained  in  connection  with  the  storage 
of  vitamin  A,  in  rats  used  for  experimental  studies,  which  when 
applied  will  simplify  and  shorten  the  method  used  in  the  deter¬ 
mination  of  this  vitamin. 
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The  general  recognition  of  the  importance  of  vitamins  in  nutri¬ 
tion  has  given  occasion  for  the  appearance  on  the  market  of  a  large 
number  of  so-called  vitamin  preparations  in  various  forms.  The 
value  of  cod  liver  oil  as  one  of  the  best  sources  of  vitamins  A  and 
D  has  greatly  increased  the  demand  for  this  product,  not  only  for 
human  consumption  but  also  for  incorporation  in  poultry  feed  and 
for  stock  feeding  in  general.  Special  attention  is  therefore  being 
given  to  the  determination,  of  vitamins  in  the  various  preparations 
offered  on  the  market,  and  of  the  different  brands  of  cod  liver  oil. 
This  work  is  done  to  develop  information  for  the  guidance  of  offi¬ 
cers  in  the  enforcement  of  the  Food  and  Drugs  Act. 

Leather  and  Tanning  Investigations.  These  investigations  aim 
at  conservation  through  assistance  to  the  agriculturist  in  producing 
leather-making  raw  materials,  to  the  tanner  in  making  leather,  to 
the  manufacturer  in  fabricating  leather  articles,  and  to  the  public 
in  selecting  and  using  leather  goods. 

Researches  are  conducted  on  means  to  eliminate  waste  of  hides 
and  skins  through  the  development  of  better  methods  of  skinning 
and  curing  them  and  encouragement  of  the  more  general  applica¬ 
tion  of  such  methods ;  on  proper  methods  of  gathering  and  prepar¬ 
ing  tanning  materials  ;  on  the  development  of  new  sources  of  tanning 
materials  from  domestic  wild  and  waste-land  crops,  from  industrial 
wastes,  and  from  the  introduction  and  growth  in  this  country  of 
foreign  high-tannin  content  plants;  on  devising  and  modifying 
processes  of  tanning  to  eliminate  extravagant  and  harmful  practices 
and  to  produce  more  economical  and  serviceable  leathers ;  on 
methods  of  purifying  tannery  effluents  and  of  recovering  and 
profitably  utilizing  tannery  and  leather  wastes ;  on  the  chemical 
composition  and  physical  properties  of  leather  and  leather  substi¬ 
tutes  for  correlation  with  actual  service  and  for  the  detemination 
of  relative  values  and  prerequisites  for  leathers  intended  for 
general  and  special  purposes ;  on  factory  operations  to  eliminate 
practices  that  result  in  defective  shoes  and  other  leather  articles  and 
in  consequent  early  failure  in  service ;  on  the  influence  of  oils, 
greases,  waxes,  dressing,  and  finishes  on  the  properties  of  leather ; 
on  general  and  specific  causes  and  prevention  of  undue  deterioration 
of  leather  articles ;  on  devising  and  improving,  independently  and 
in  collaboration  with  scientific  societies,  methods  for  the  chemical 
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and  physical  analysis  and  study  of  hides,  leather  and  tanning  and 
related  materials ;  and  on  obtaining  and  disseminating  to  the  gen¬ 
eral  public  and  the  industries  through  personal  contact  corre¬ 
spondence,  publications,  posters,  pictures,  and  exhibits  giving  in¬ 
formation  on  the  judicious  selection  and  proper  care  of  leather  and 
leather  articles  to  obtain  maximum  serviceability. 

Naval  Stores  Investigations.  The  appropriation  item  under 
which  this  activity  is  carried  on,  is :  “  For  the  investigation  and 
demonstration  of  improved  methods  or  processes  of  preparing 
naval  stores,  the  weighing,  handling,  transportation,  and  uses  of 
same,  in  cooperation  with  individuals  and  companies.  .  .  V 

The  activities  of  the  Bureau  of  Chemistry  and  Soils  with  regard 
to  naval  stores  are  investigational  and  educational.2  This  work 
concerns  itself  with  the  production  of  rosin  and  turpentine  and 
other  chemical  products  made  from  pine  wood,  which  are  farm 
products  that  enter  into  the  commerce  of  the  country  as  constituents 
of  paints,  varnishes,  soaps,  paper  and  textile  sizes,  polishes,  lubri¬ 
cants,  core  binders,  printing  inks,  camphor,  perfumes,  and  many 
other  manufactured  articles.  The  purpose  of  the  Bureau  is  to 
develop  methods  for  improving  the  production,  handling,  and 
utilization  of  these  products. 

The  Bureau  makes  laboratory  and  field  studies  of  the  best  meth¬ 
ods  for  producing,  packing,  weighing,  handling,  shipping,  grading, 
and  using  these  commodities,  and  it  carries  on  research  on  the 
properties  of  turpentine  and  rosin  to  determine  the  characteristics 
that  control  their  adaptability  to  various  uses.  The  experimental 
work  is  designed  to  develop  better  methods  for  making  higher 
grades  of  rosin  and  thus  to  increase  the  returns  to  the  producers, 
and  to  yield  better  knowledge  of  practical  value  in  preventing  losses 
and  in  correcting  damage  due  to  the  use  of  unsuitable  material. 

Educational  work  is  carried  on  among  the  naval  stores  producers 
by  experienced  men  sent  by  the  Bureau  to  the  various  stills  to  ex¬ 
plain  and  to  work  out  at  each  still  new  and  improved  methods,  proc¬ 
esses,  equipment,  plant  layout,  and  construction  best  suited  to  its 
needs.  The  Bureau  aims  to  show  how  the  losses  in  rosin  and  turpen- 

3  The  regulatory  work  of  the  Bureau  in  connection  with  naval  stores  is 
carried  on  by  the  Food,  Drug,  and  Insecticide  Administration.  See  Institute 
for  Government  Research  Service  Monograph  No.  50. 
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tine  production  may  be  reduced  and  how  a  better  quality  and  a 
greater  yield  of  these  products  may  be  obtained. 

Rosin  grades  have  been  stabilized  and  a  firm  foundation  has  been 
given  to  the  rosin  business  by  the  development  of  permanent  rosin 
standards  which  have  been  made  the  United  States  rosin  standards 
by  law. 

Statistics  on  consumption  and  available  stocks  of  turpentine  are 
compiled  and  published  annually. 

Paper  and  Fiber  Board  Investigations.  The  Bureau  investigates 
the  qualities  and  characteristics  that  paper  should  possess  for  vari¬ 
ous  purposes ;  the  establishment  of  standards  of  valuation  and  of 
specifications  for  different  kinds  of  papers  for  the  many  uses  of 
the  government  and  the  public  generally;  develops  new  uses  for 
paper ;  studies  the  conservation  of  paper-making  materials  and  of 
paper;  encourages  the  use  of  suitable  paper  for  a  particular  pur¬ 
pose  ;  cooperates  with  paper  manufacturers  in  developing  better 
methods  of  manufacture ;  develops  methods  and  apparatus  for  the 
study  and  testing  of  paper;  and  investigates  the  utilization  of  agri¬ 
cultural  raw  and  waste  materials  for  paper  and  board  making  and 
for  the  manufacture  of  paper  and  pulp  board  of  all  kinds. 

Special  attention  is  given  to  the  durability  and  serviceability  of 
paper  used  for  permanent  records  and  for  blue  and  brown  prints. 
Considerable  study  is  also  being  made  of  fruit  and  vegetable  wrap¬ 
ping  paper,  bale  wrapping  paper  and  insulating  and  other  structural 
boards  made  from  cornstalks  and  other  waste  farm  material. 

Investigations  are  being  conducted  on  the  strength  of  wrapping 
paper  for  protecting  fruits  and  vegetables  while  in  transit  from  the 
shipper  to  the  consumer.  The  results  of  careful  study  of  the  com¬ 
position  and  physical  properties  of  such  wrappers  indicate  that 
satisfactory  and  unsatisfactory  strength  may  be  distinguished  by 
physical  tests. 

The  Bureau  is  represented  on  the  committee  designated  annually 
by  the  Joint  Committee  on  Printing  to  prepare  specifications  for 
paper  purchased  by  the  Government  Printing  Office,  and  on  the 
Paper  Technical  Committee  of  the  Federal  Specifications  Board  to 
prepare  specifications  for  paper  purchased  by  the  General  Supply 
Committee.  In  connection  with  the  preparation  of  such  specifica¬ 
tions  it  is  necessary  to  conduct  investigational  work  on  physical 
and  chemical  methods  of  testing  paper. 
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Farm  Fabrics  Investigations.  Investigations  are  being  carried 
on  by  the  Bureau  with  the  object  of  increasing  the  durability  and 
serviceability  of  various  farm  fabrics.  Information  is  being  secured 
on  water-proofing,  mildew-proofing,  light-proofing,  and  fire-proof¬ 
ing  tobacco  shade-cloth,  cotton  duck,  and  other  fabrics  used  out  of 
doors  for  wagon  machinery,  shock,  hay  and  provision  covers,  tar¬ 
paulins,  tents,  awnings,  and  other  purposes. 

Present  activities  include  the  search  for  a  weather-resistant  fire¬ 
proofing  treatment  and  cooperation  with  industrial  firms  and 
tobacco  growers  with  a  view  to  encouraging  commercial  application 
of  preservative  treatments  to  tobacco  shade  cloth. 

Soil  Investigations.  Soil  investigations,  until  June  30,  1927,  were 
made  by  the  Bureau  of  Soils,  which  on  July  1  was  merged  in  the 
Bureau  of  Chemistry  and  Soils.  Certain  projects  relating  to  soil 
fertility,  soil  bacteriology,  and  plant  nutrition  which  were  formerly 
carried  on  by  the  Bureau  of  Plant  Industry,  were  transferred  to 
the  Bureau  of  Chemistry  and  Soils  on  that  date.  The  investigations, 
as  now  carried  on  by  the  Soil  Investigations  Branch,  are  provided 
for  in  five  specific  items  of  appropriation : 

For  chemical  investigation  of  soil  types,  soil  composition,  and 
soil  minerals,  the  soil  solution,  solubility  of  soil  and  all  chemical 
properties  of  soils  in  their  relation  to  soil  formation,  soil  texture, 
and  soil  productivity,  including  all  routine  chemical  work  in  con¬ 
nection  with  the  soil  survey ;  .  .  .  for  physical  investigations  of 
the  important  properties  of  soil  which  determine  productivity,  such 
as  moisture  relations,  aerations,  heat  conductivity,  texture,  and 
other  physical  investigations  of  the  various  soil  classes  and  soil 
types ;  .  .  .  for  investigation  of  soils,  in  cooperation  with  other 
branches  of  the  Department  of  Agriculture,  other  departments  of 
the  government,  state  agricultural  experiment  stations,  and  other 
state  institutions,  and  for  indicating  upon  maps  and  plats,  by  color¬ 
ing  or  otherwise,  the  results  of  such  investigations ;  .  .  .  for  soil- 
bacteriology  investigations,  including  the  testing  of  samples  pro¬ 
cured  in  open  market,  of  cultures  for  inoculating  legumes  ;  .  .  .  for 
soil  fertility  investigations  into  organic  causes  of  infertility  and 
remedial  measures,  maintenance  of  productivity ;  properties  and 
composition  of  soil  humus,  and  the  transformation  of  soil  humus 
by  soil  organisms.  .  .  .” 

The  soil  work  of  the  Bureau,  therefore,  consists  of  five  major 
projects ;  namely,  soil  survey  investigations,  chemical  soil  investi- 
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gations,  physical  soil  investigations,  soil  microbiology,  and  soil  fer¬ 
tility  investigations. 

Soil  Surveys .  The  Soil  Survey  work  of  the  Bureau  consists  of 
investigations  into  the  characteristics,  relationships,  and  distribu¬ 
tion  of  the  soils  of  the  United  States,  including  the  construction  of 
a  soil  map ;  the  preparation  of  reports  containing  descriptions  of 
soil  characteristics ;  discussion  of  their  relationship,  one  to  another 
and  to  their  environment ;  the  forces  causing  this  development  and 
the  processes  through  which  they  operate ;  the  relation  of  soils  to 
natural  vegetation  and  agricultural  industries ;  the  agricultural 
evaluation  of  soils ;  the  preparation  of  maps  showing  the  distribu¬ 
tion  of  the  soils  ;  and  the  dissemination  of  information  relating  to  the 
use  of  the  soils.  The  purpose  of  this  activity  is  to  acquire  a  knowl¬ 
edge  of  the  soils  of  the  United  States  and  to  make  this  knowledge 
available  for  use  by  all  persons  and  organizations  engaged  in  the 
development  of  agricultural  interests. 

In  carrying  on  this  work,  the  Bureau  is  cooperating  with  other 
branches  of  the  Department  of  Agriculture  and  other  departments 
of  the  government,  and  with  state  agricultural  experiment  stations 
and  other  state  institutions.  Cooperating  organizations  in  thirty- 
six  states  participated  in  this  work  in  1927. 

Since  the  appearance  of  the  first  soil  survey  report  in  1899,  re¬ 
ports  of  about  1100  surveyed  areas  have  been  published.  These 
surveys  covered  an  aggregate  area  of  over  800,000  acres.  In  addi¬ 
tion,  surveys  have  been  made  for  the  Forest,  Indian,  and  Reclama¬ 
tion  Services,  and  special  surveys  have  been  made  for  the 
Department  of  Commerce  in  connection  with  rubber  investigations 
carried  on  by  that  Department. 

In  conducting  the  surveys,  much  scientific  data  have  been  col¬ 
lected.  The  characteristics  of  the  soil  have  been  determined  and 
evaluated,  their  course  of  development  has  been  traced,  and  funda¬ 
mental  facts  have  been  determined  to  make  possible  a  scientific 
classification  of  the  soils  of  the  United  States  and  to  broaden  the 
foundation  of  a  rational  soil  science.8 

Chemical  Soil  Investigations.  The  work  of  chemical  soil  investi¬ 
gations  may  be  divided  into  two  general  classes  which  are  closely 

3  A  detailed  statement  of  the  development  of  ideas  in  field  soil  investigations 
prepared  by  Dr.  C.  F.  Marbut,  Chief  of  the  Soil  Survey  Division,  is  given 
on  page  91. 
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interrelated;  namely  (1)  The  examination  of  special  samples  sub¬ 
mitted  by  the  Soil  Survey,  by  other  branches  of  the  government, 
and  by  farmers;  (2)  investigation  of  fundamental  problems  con¬ 
cerning  soils,  including  a  study  of  the  relation  of  chemical  com¬ 
position  and  certain  properties  of  the  soils. 

The  chemical  work  being  done  for  the  Soil  Survey  consists  of 
the  examination  of  soils  collected  by  the  Survey  and  brought  into 
the  laboratory  for  chemical  examination  to  determine  their  com¬ 
position,  to  assist  in  their  classification,  and  to  follow  the  changes 
that  are  taking  place  between  the  soil  and  the  subsoil  as  they  exist 
in  the  field.  It  consists  chiefly  of  complete  fusion  analyses  of  the 
soil  horizons  from  different  profiles.  Determinations  of  soluble 
salts  and  acid  digestion  analyses  are  occasionally  made.  About 
one  thousand  such  analyses  have  been  made  since  active  work  on 
the  ultimate  composition  of  the  soil  horizons  was  begun  about 
eight  years  ago.  The  Bureau  each  year  examines  chemically  a 
considerable  number  of  soil  samples  for  private  individuals  and  for 
divisions  of  the  Department  of  Agriculture,  in  addition  to  the  soil 
survey.  Most  of  these  samples  are  also  examined  microscopically 
for  the  identification  of  the  minerals  present  in  the  soils. 

The  other  chemical  research  studies  concerning  the  properties  of 
soils  at  present  being  carried  on  relate  to  the  manganese  dioxide  in 
soils ;  the  variation  of  the  colloidal  material  within  a  given  type  of 
soil ;  the  influence  of  the  character  of  the  exchangeable  bases  on  the 
properties  of  different  types  of  colloidal  soil  material ;  differences 
in  the  chemical  and  mineralogical  compositions  of  horizons  in  the 
major  soil  profiles ;  alteration  and  decomposition  of  mica  in  the 
course  of  soil  development ;  the  behavior  of  phosphatic  fertilizers  in 
the  soil  as  influenced  by  the  character  of  the  colloidal  soil  material ; 
and  the  absorption  of  dyes  by  the  soil  colloidal  material. 

Physical  Soil  Investigations.  The  work  of  physical  soil  investi¬ 
gation  is  similar  to  the  preceding  except  that  it  is  of  a  physical 
instead  of  a  chemical  character.  Investigations  are  being  carried 
on  of  particular  soils  to  determine  their  composition,  the  different 
size  materials  that  go  to  make  up  the  soil,  the  water-holding 
capacity  of  the  soil  and  its  permeability  and  binding  power.  The 
information  concerning  these  different  characteristics  is  correlated 
for  use  in  the  classification  of  the  samples  as  collected  in  the  field 
by  the  Soil  Survey.  Study  is  also  being  made  of  the  fundamental 
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physical  problems  of  the  soil.  Especial  attention  is  being  given  to 
the  very  fine  material  in  the  soil,  as  this  material  has  been  shown 
to  be  the  seat  of  the  chemical  and  biological  actions  of  the  soil. 
Studies  are  also  being  made  of  the  binding  power,  the  absorption, 
and  the  effect  of  the  fine  colloidal  materials  upon  the  properties  of 
the  soil.  The  projects  that  are  now  being  carried  on  relate  to 
mechanical  analysis  and  physical  soil  characteristics. 

The  mechanical  analyses  are  made  for  the  Bureau  for  deter¬ 
mining  soil  texture  in  connection  with  soil  classification  and  for 
other  soil  investigations,  for  other  government  departments,  and 
for  individuals.  These  analyses  are  of  value  to  the  agriculturists, 
as  they  furnish  practical  information  concerning  soil  utility  and 
treatment,  and  to  the  engineers  to  enable  them  to  determine  the 
ability  of  the  soil  to  bear  structures,  and  of  dams  and  levees  to 
stand  and  hold  water. 

The  work  on  physical  soil  characteristics  comprises  physical  soil 
analysis,  soil  colloid  investigations,  soil  temperature  relations,  and 
soil  erosion  studies. 

The  physical  soil  analysis  consists  of  the  measurement  of  such 
physical  properties  as  moisture  equivalent,  amount  of  colloid,  pore 
space,  percolation,  penetrability,  and  plasticity,  measurements  which 
are  necessary  for  comparing  and  differentiating  soil  types. 

The  soil  colloid  work  consists  of  studying  methods  for  deter¬ 
mining  colloidal  material  in  soils,  measurement  of  such  colloidal 
material,  factors  influencing  the  binding  power  of  soil  colloids,  ab¬ 
sorption  of  water  vapor  by  soil  colloids,  and  other  similar  studies. 

The  work  concerning  soil  temperature  relations  was  continuous 
from  the  beginning  of  the  Soils  Division  until  1909,  but  was  dis¬ 
continued  after  that  time  until  1924.  In  that  year  and  the  two 
succeeding  years  some  continuous  soil  temperature  records  were 
made  at  the  Arlington  Farm,  in  Virginia.  It  is  proposed  to  install 
equipment  at  this  farm  which  will  accurately  record  soil  tem¬ 
peratures  at  various  depths  and  record  other  climatic  factors 
such  as  rainfall,  snowfall,  and  sunshine ;  to  prepare  a  publication 
summarizing  the  principal  data  that  have  been  published  on  soil 
temperatures  and  soil  temperature  relations ;  and  to  investigate  the 
effect  of  temperature  gradients  on  the  movement  of  soil  water, 
although  other  work  may  be  given  preference  to  the  latter. 
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The  soil  erosion  work  consists  of  investigating  the  causes  of 
excessive  soil  erosion  and  determining  the  best  methods  for  the 
control  and  prevention  of  erosion  in  soils  of  different  types  and 
under  various  climatic  and  crop  conditions.  It  consists  of  field 
examinations  of  existing  conditions  supplemented  by  laboratory 
studies  of  the  soils.  Physical  tests  are  being  made  on  a  number  of 
samples  of  easily  eroded  soils  to  determine  what  physical  differ¬ 
ences,  if,  any,  exist  between  those  soils  which  erode  readily  and 
those  which  do  not.  This  information  is  for  the  use  of  agronomists 
and  agricultural  engineers  in  planning  erosion  control  suited  to 
particular  fields  and  localities. 

Soil  Microbiological  Investigations.  The  soil  microbiological 
work  of  the  Bureau  of  Chemistry  and  Soils  was  transferred  from 
the  Bureau  of  Plant  Industry  on  July  1,  1927.  It  is  very  technical  in 
character,  dealing  with  the  different  kinds  of  microscopic  growths 
in  the  soil  and  their  relation  to  soil  fertility.  The  growths  here 
dealt  with  are  not  the  parasitic  organisms,  but  the  groups  of  bacteria 
and  very  small  protozoa  that  break  down  organic  matter  and  turn 
it  again  into  soil. 

Microbiological  soil  investigations  are  being  carried  on  along 
three  major  lines:  the  legume  bacteria;  the  general  bacteriology  of 
the  soil ;  and  the  soil  fungi,  the  last  mentioned  having  been  begun 
on  July  1,  1927.  The  object  of  these  studies  is  to  obtain  a  better 
understanding  of  the  nitrogen  economy  of  legumes  and  the  effect 
of  different  manuring  systems  on  the  microbiological  population  of 
the  soil,  with  the  view  of  effecting  substantial  savings  through  the 
partial  elimination  of  the  need  for  purchasing  nitrogen  in  com¬ 
mercial  form. 

Among  the  general  bacteriological  soil  investigations  being 
carried  on  by  the  Bureau  are :  A  study  on  the  relationship  of  carbo¬ 
hydrate  to  nodule  formulation  and  nitrogen  fixation  by  legumes ; 
a  study  on  legume  inoculation,  being  made  in  cooperation  with 
experiment  stations  in  six  states  to  determine  the  economy  of  the 
practice  of  applying  proper  legume  bacteria  periodically  to  soils 
in  which  they  already  occur ;  soil  carbon  dioxide  measurement ; 
greenhouse  experiments  with  certain  growing  crops  to  determine 
the  effect  of  the  various  crops!  upon  the  soil  flora  and  its  activities 
as  well  as  the  effect  on  the  nitrogen  balance  on  the  soil ;  and  miscel¬ 
laneous  laboratory  work. 
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Mycological  investigations  are  being  carried  on  in  connection 
with  the  bacteriological  work  of  the  Bureau.  Molds  which  appear 
constantly  in  the  cultures  made  for  bacteria  are  being  isolated  and 
studied.  Experiments  are  in  progress  to  determine,  species  by 
species,  which  forms  of  fungi  are  real  and  desirable  contributors 
to  soil  fertility,  which  are  harmful,  if  any,  and  which  are  negligible 
factors  in  the  conditions  encountered  in  the  soil. 

Studies  are  being  carried  on  concerning  the  nature  and  descrip¬ 
tion  of  the  peat  and  muck  resources  of  the  United  States.  These 
involve  travel  and  laboratory  and  field  work  in  certain  states.  The 
results  of  these  studies  are  intended  to  assist  those  who  utilize  these 
areas  to  select  cropping  methods  that  are  adjusted  to  the  special 
conditions  presented  there. 

Methods  of  stimulating  and  maintaining  the  activity  of  legume 
bacteria  have  been,  developed  through  experiments  in  the  field  and 
in  the  laboratory  and  the  benefit  from  the  inoculation  of  leguminous 
plants  has  been  demonstrated  in  the  field.  The  distribution  of 
legume  bacteria  for  experimental  and  demonstrational  purposes  has 
greatly  stimulated  the  use  of  legumes  for  soil  fertility  maintenance. 

As  a  further  insurance  the  Bureau  exercises  its  statutory  au¬ 
thority  to  procure  samples  of  commercial  cultures  in  the  open 
market  and  to  test  them  to  determine  whether  they  are  impure, 
nonviable,  or  misbranded.  If  the  tests  are  unsatisfactory,  the 
Bureau  has  authority  to  publish  the  results,  together  with  the  names 
of  the  manufacturers  and  of  persons  by  whom  the  cultures  were 
offered  for  sale.  Annual  inspections  are  made  of  the  various  brands 
of  commercial  legume  cultures  in  order  to  afford  protection  from 
unscrupulous  dealers  and  manufacturers.  These  inspections  con¬ 
sist  of  laboratory,  greenhouse,  and  sometimes  field  tests  on  the 
materials  collected  in  the  markets  from  many  points  in  the  United 
States.  Legume  bacteria  culture  tests  are  usually  made  on  five 
strains  of  each  brand  of  culture ;  alfalfa,  red  clover,  cowpea,  soy 
bean,  vetch,  and  legumes  related  to  these  from  a  nodule-producing 
standpoint.  The  information  obtained  from  these  tests  on  strictly 
legume  bacteria  cultures  is  passed  on  to  those  interested  through 
an  annually  revised  circular. 

Soil  Fertility  Investigations.  The  soil  fertility  investigations 
were  carried  on  by  the  Bureau  of  Plant  Industry  until  June  30, 
1927.  They  consist  of  greenhouse,  field,  and  laboratory  studies  of 
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problems  in  the  management  and  upbuilding  of  specific  soil  types, 
the  best  systems  of  rotation,  and  the  effect  of  fertilizers.  The  work 
includes  investigations  of  humus  and  organic  soil  constituents ; 
organic  fertilizer  problems ;  relation  of  soil  treatments  to  composi¬ 
tion  and  quality  of  crops ;  fertilizer  influence  on  chlorophyll  for¬ 
mation  ;  hydrogen-ion  control  work  and  methods ;  soil  fertility  and 
fertilizer  investigations  on  extensive  soil  types ;  sweet  potato 
fertilizer  investigations ;  cotton,  potato,  pecan,  celery,  peach,  sugar 
beet,  and  sugar  cane  fertilizer  experiments ;  tomato  fertilizer 
investigations  in  connection  with  the  nail-head  rust  disease ;  new 
fertilizer  materials  investigations ;  concentrated  fertilizer  experi¬ 
ments  ;  and  special  soil  problems. 

One  of  the  basic  features  of  this  work  is  the  biochemical  lab¬ 
oratory  investigation  of  the  organic  matter  in  soils,  since  the 
amount,  kind,  and  quality  of  organic  matter  has  a  direct  influence 
upon  soil  fertility.  In  this  way  the  different  organic  compounds  are 
being  isolated  and  tested  to  determine  whether  their  effect  is  bene¬ 
ficial  or  harmful  to  growing  crops.  The  origin  of  these  organic 
constituents  is  studied  to  determine  the  conditions  conducive  to 
the  proper  decomposition  of  organic  matter  in  different  kinds  of 
soil. 

» 

The  Bureau  endeavors  to  throw  light  on  the  action  of  fertilizers 
upon  the  soil  and  to  afford  the  basis  for  recommendation  as  to  the 
proper  fertilizers  for  specific  crops  on  particular  types  of  soils. 
This  involves  the  study  of  the  plant  food  requirements  of  dominant 
soil  types  and  the  conduct  of  experiments  with  different  fertilizer 
materials  to  determine  the  ratio  of  the  plant  food  constituents  best 
suited  to  particular  soils.  New  commercial  fertilizers,  are  analyzed 
and  subjected  to  field  tests.  Particular  attention  has  been  given, 
within  the  last  few  years,  to  native  sources  of  fertilizer  materials 
and  to  the  elimination  of  the  harmful  borax  content  in  American 
potash. 

Studies  are  being  made  of  the  organic  substances  causing  infer¬ 
tility  and  the  failure  of  specific  crops.  These  include  both  chemical 
laboratory  and  field  investigations  resulting  in  the  isolation  and 
identification  of  the  harmful  substances  and  the  determination  of 
their  occurrence.  Greenhouse  and  nutrient  solution  studies  and 
field  tests  are  being  made  to  determine  the  fertilizer  and  lime 
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requirements  of  unproductive  soils  and  the  action  of  certain  fertil¬ 
izers  on  the  different  harmful  compounds  isolated  from  those  soils. 

Laboratory  investigations  and  field  observations  are  being  made 
to  determine  the  proper  methods  of  building  up  and  maintaining 
specific  soil  types  through  crop  rotation  and  the  use  of  fertilizers. 
These  include  field  studies  of  the  soil  conditions  and  biochemical 
relationships  with  reference  to  specific  plant  diseases,  and  labora¬ 
tory  investigations  on  the  composition  of  humus  and  soil  organic 
matter  in  general.  Laboratory  investigations  are  also  conducted  in 
relation  to  the  transformation  and  formation  of  soil  humus  by 
micro-organisms  and  higher  plants. 

In  cooperation  with  the  microbiological  work  of  the  Bureau, 
studies  are  being  made  of  the  organisms  causing  decomposition  in 
the  different  organic  manures  in  order  to  determine  the  causes  of 
the  different  kinds  of  decomposition  and  of  the  varying  effects  of 
those  manures  upon  fertility,  the  object  being  information  as  to 
when  and  how  to  apply  the  different  types  of  natural  manures. 

As  a  result  of  the  soil  fertility  work,  fertilizer  requirements  of 
the  principal  soil  types  and  agricultural  regions  have  been  deter¬ 
mined  for  a  number  of  important  crops,  including  cotton,  sugar 
beets,  sugar  cane,  potatoes,  sweet  potatoes,  celery,  lettuce,  tomatoes, 
corn,  wheat,  hay,  peaches,  pecans,  and  horticultural  crops.  Im¬ 
portant  economic  results  have  been  obtained  in  modifying  fertilizer 
practice  or  suggesting  the  use  of  fertilizers  in  regions  or  with  crops 
where  fertilizers  have  not  been  used.  Further  economic  results  are 
being  obtained  in  the  use  of  new  nitrogen  materials  tested  out  in 
this  work  and  by  the  introduction  of  more  concentrated  fertilizer 
mixtures  with  saving  in  freight  handling,  distribution,  storage,  and 
production.  The  value  of  manganese  in  fertilizers  has  been  shown 
to  be  of  economic  importance  in  certain  regions,  and  the  prohibition 
of  certain  impurities,  such  as  borax  has  been  of  the  utmost  value 
in  preventing  crop  injury. 

Fertilizer  and  Fixed  Nitrogen  Investigations.  The  fertilizer 
and  fixed  nitrogen  investigations  consist  of  the  activities  formerly 
carried  on  by  the  Fixed  Nitrogen  Research  Laboratory,  and  the 
work  on  phosphates,  potash,  and  concentrated  fertilizers  formerly 
performed  by  the  Bureau  of  Soils. 
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Growing  plants  require  certain  mineral  foods  which  are  as  essen¬ 
tial  to  their  growth  as  sunlight,  air,  and  water.  Of  most  of  these 
there  is  an  almost  inexhaustible  supply  in  the  soil.  Some  of  the 
essential  minerals,  however,  are  deficient  in  many  of  the  soils.  Of 
these,  nitrogen  is  the  most  important,  and  phosphorus  and  potassium 
are  second  and  third  in  importance.  In  rare  instances  certain  other 
essential  minerals  are  deficient.  To  supply  these  deficiencies  and 
make  the  soils  productive,  fertilizers  containing  these  minerals  must 
be  applied.  The  fertilizer  and  fixed  nitrogen  investigations  of  the 
Bureau  have  for  their  object  the  discovery  and  development  of 
processes  capable  of  furnishing  cheaper  and  more  efficient  fer¬ 
tilizers  and  fertilizer  materials. 

This  work  is  carried  on  under  an  item  in  the  appropriation  acts 
“  for  investigations  within  the  United  States  of  fertilizers  and  other 
soil  amendments  and  their  suitability  for  agricultural  use.”  The 
work  is  carried  on  in  the  Fertilizer  and  Fixed  Nitrogen  Branch  of 
the  Bureau  of  Chemistry  and  Soils. 

The  activities  consist  of  investigations  which  comprise  major 
projects  designated  as  catalysis;  transformation  of  nitrogen  com¬ 
pounds  ;  mechanical  engineering  research ;  physics  research ;  bio¬ 
chemical  and  organic  nitrogen  research  ;  phosphate  research  ;  potash 
research  and  concentrated  fertilizer  investigations. 

Catalysis.  Catalysis  is  applied  in  the  synthesis  of  ammonia,  the 
purification  of  hydrogen,  the  production  of  hydrogen  and  phos¬ 
phoric  acid  from  phosphorus  and  steam,  and  possibly  in  the  fixation 
of  nitrogen  by  the  lower  organisms.  The  studies  in  this  field  com¬ 
prise,  ammonia  yield,  new  and  improved  catalytic  agents,  and  the 
mechanism  of  catalysis ;  hydrogen  investigations  concerning  new 
sources,  catalysts,  and  purification;  and  ammonia  oxidation. 

Investigations  are  being  made  of  ammonia  yield,  and  its  varia¬ 
tion  with  composition  of  gas  mixture,  velocity  of  flow,  temperature, 
and  pressure,  and  of  new  and  improved  catalytic  agents.  As  the 
preparation  of  the  raw  materials  represents  60  per  cent  of  the 
manufacturing  costs  of  ammonia,  a  critical  study  is  being  made  of 
all  available  and  suggested  methods  of  producing  hydrogen,  in 
order  to  reduce  these  costs.  These  hydrogen  investigations  comprise 
studies  of  new  sources,  of  catalysts,  and  of  purification.  American 
agriculture  still  depends  on  foreign  sources  for  nitrates.  The  Bu- 
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reau  finds  it  necessary,  therefore,  to  have  a  thorough  understanding 
of  the  fundamental  and  practical  details  of  efficient  oxidation  of 
ammonia  to  form  nitrogen  peroxide  and  its  derivatives,  an  opera¬ 
tion  which  depends  on  catalysis. 

Transformation  of  Nitrogen  Compounds.  Although  nitrogen 
constitutes  about  three-fourths  of  the  earth’s  atmosphere,  there 
is  a  shortage  of  nitrogen  for  agricultural  use.  This  is  due  to  the 
fact  that  the  nitrogen  of  the  air  is  “  free,”  that  is,  it  is  not  com¬ 
bined  chemically  with  any  other  element,  and  plants  can  assimilate 
it  only  when  it  is  chemically  combined  or  “  fixed.”  The  problem 
of  nitrogen  supply  is,  therefore,  to  find  methods  of  “  fixing  ” 
atmospheric  nitrogen  and  thereby  making  it  available  for  use  as  a 
fertilizer. 

There  are  seven  main  sources  from  which  agricultural  soil  se¬ 
cures  nitrogen : 4  ( 1 )  Nitrogen  compounds  carried  down  by  rain 
and  snow;  (2)  nitrogen  captured  from  the  air  and  “fixed”  by 
bacteria  living  in  the  soil  or  on  the  roots  of  legumes;  (3)  animal 
manure,  both  that  produced  by  domestic  animals  and  that  secured 
from  deposits  such  as  the  guano  found  particularly  on  islands  off 
the  coast  of  Peru;  (4)  nitrogenous  waste  materials  such  as  cotton¬ 
seed  meal,  meat  packers  scrap,  fish  scrap,  etc.;  (5)  sodium  nitrate 
from  the  natural  nitrate  beds  of  Chile ;  (6)  ammonia  sulphate  pro¬ 
duced  in  the  coking  of  coal ;  and  (7)  nitrate  captured  from  the 
air  and  “  fixed  ”  by  chemical  processes. 

As  a  result  of  experiments  begun  during  the  war  and  continued 
ever  since,  there  are  now  available  a  number  of  synthetic  ammonia 
processes.  Ammonia  being  a  gas,  however,  it  is  necessary  to  prepare 
it  for  agricultural  use  by  fixing  it  as  a  salt  or  transforming  it  into 
other  compounds  as  mixtures.  Feasible  transformations  produce 
urea,  nitrates  of  sodium,  potassium,  calcium,  and  ammonium,  the 
sulfate  chloride  and  phosphate  of  ammonium  and  combinations  and 
mixtures  of  these  for  agricultural  use  and  liquid  nitrogen  peroxide 
and  nitric  acid  for  chemical  use.  Intensive  investigations  are  being 
carried  on  concerning  urea  synthesis,  nitrogen  peroxide,  ammonia 
absorption,  and  decomposition  of  phosphate  rock  by  ammonia  and 
carbonic  acid  gas  under  pressure. 

Mechanical  Engineering.  The  engineering  research  consists  of 
designing,  constructing,  and  assembling  such  apparatus  as  are 

4  Chemistry  in  agriculture,  1926,  p.  77. 
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needed  in  the  work  of  the  Fertilizer  and  Fixed  Nitrogen  Branch 
of  the  Bureau  and  the  adaptation  of  its  results  to  industry.  Upon 
the  completion  of  small-scale  experimentation  to  determine  the 
fundamentals  involved  in  a  proposed  process,  it  is  frequently  neces¬ 
sary  to  enlarge  the  scale  of  experimentation  in  order  to  determine 
the  commercial  possibilities  of  the  process.  The  handling  of  gases 
at  the  extreme  pressures  required  in  many  experiments  is  a  new 
technique  and  requires  apparatus  that  are  not  available  on  the 
market.  Apparatus  and  other  new  equipment  are  devised,  con¬ 
structed,  and  assembled  by  the  engineering  staff,  and  the  engineer¬ 
ing  details  in  some  cases  are  furnished  to  manufacturers  of  ap¬ 
paratus  for  the  industries  concerned. 

The  activities  carried  on  under  the  head  of  engineering  research 
thus  comprise  designing  special  equipment,  preparing  plant  as¬ 
sembly  data,  testing  materials  of  construction,  erecting  experi¬ 
mental  equipment,  and  fabricating  parts. 

Physics  Research.  Research  is  being  made  in  theoretical  physics 
and  chemistry  to  obtain  a  better  understanding  of  the  mechanism 
of  catalysis.  They  deal  with  atomic  and  subatomic  phenomena  in¬ 
volving  the  most  intricate  and  difficult  phases  of  advanced  physical 
chemistry.  The  researches  comprise :  Thermionic  properties  of 
catalytic  substances ;  kinetics  of  the  ammonia  synthetic  reactions ; 
mathematical,  thermodynamical,  and  theoretical  analyses  as  related 
to  the  various  problems  in  this  and  other  projects ;  water  vapor  in 
the  gas  phase  of  a  gas-liquid- water  system  at  pressures  of  50-1000 
atmospheres ;  compressibility  and  density  of  high  pressure  gases  at 
pressures  of  50-1000  atmospheres;  solubility  of  gases  in  water  at 
pressures  from  50-1000  atmospheres;  solubility  of  high-pressure 
gases  in  liquid  ammonia  at  pressures  of  50-1000  atmospheres; 
ammonia  vapor  in  the  gas  phase  of  a  liquid  ammonia-gas  system 
at  pressures  of  50-1000  atmospheres ;  and  viscosity  of  the  above 
gases  and  mixtures  at  high  pressure. 

Biochemical  and  Organic  Nitrogen  Research.  While  ordinarily 
plants  cannot  capture  free  nitrogen  from  the  air  and  make  it 
available  as  a  mineral  food,  there  are  certain  kinds  of  bacteria 
which  can  “  fix  ”  nitrogen,  that  is,  convert  free  nitrogen  into 
nitrogen  compounds.  About  90  per  cent  of  the  nitrogen  used  for 
food  by  plants  is  fixed  for  such  use  by  these  bacteria. 
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Very  little  is  known  of  the  chemistry  involved  in  nitrogen  fixation 
by  bacteria.  It  is  apparent  that  the  bacteria  do  not  use  any  of 
the  drastic  chemical  processes  by  which  man  has  learned  to  do  the 
same  thing.  If  the  mechanism  of  the  reactions  taking  place  in 
natural  fixation  were  understood,  it  is  possible  that  the  information 
so  gained  could  be  applied  with  advantage  to  artificial  fixation. 
With  the  view  of  obtaining  this  information,  studies  in  biochemical 
organic  nitrogen  have  been  undertaken. 

The  studies  now  being  made  by  the  Bureau  in  this  field  cover 
fixation  by  symbiotic  bacteria,  non-symbiotic  bacteria,  algas,  chemi¬ 
cal  composition  of  nitrogen-fixing  bacteria,  and  organic  researches 
in  the  diazo  field. 

Phosphates  Research.  The  element  phosphorus  is  second  to 
nitrogen  the  greatest  essential  for  plant  growth.  An  abundance  of 
phosphorus,  especially  in  the  early  stages  of  plant  growth,  stimu¬ 
lates  root  development  rather  than  foliage  growth,  and  later  ap¬ 
parently  hastens  the  ripening  process.  It  is  a  constituent  of  most 
proteins.  Phosphate  rock  suitable  for  the  manufacture  of  super¬ 
phosphate  should  contain  at  least  65  per  cent  of  phosphate.  Nu¬ 
merous  deposits  of  phosphate  rock  are  found  in  the  United  States 
and  other  parts  of  the  world. 

The  present  methods  of  utilizing  the  great  and  vital  phosphate 
resources  are  extremely  inefficient.  They  involve  serious  losses 
in  the  phosphate  mined,  sometimes  amounting  to  50  per  cent,  in 
attempts  to  obtain  a  high-grade  product  from  the  run-of-mine  ore, 
and  resulting  in  the  rapid  exhaustion  of  the  deposits ;  and  they 
involve  subsequent  treatment  to  render  the  phosphorous  present 
“  available  ”  for  use  as  plant  food,  resulting  in  a  low-grade  product 
entailing  high  transportation  cost  per  unit  of  plant  food  contained. 
The  aim  of  the  Bureau  in  its  researches  is  to  develop  improved 
technology  in  this  field,  and  thereby  conserve  this  national  resource 
and  reduce  the  costs  of  this  fertilizer  to  the  farmer. 

It  has  been  determined  in  the  laboratories  of  the  Bureau  that  the 
run-of-mine  ore  can  be  smelted  in  such  a  way  as  to  liberate  the 
phosphorus  to  form  high-grade  phosphoric  acid.  This  product 
combined  with  ammonia  or  potash  forms  ammonium  or  potassium 
phosphate  and  constitutes  highly  concentrated  fertilizer  mixtures 
entailing  greatly  reduced  sacking,  handling  and  transportation 
charges. 
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The  sub-projects  which  now  occupy  the  attention  of  the  Bureau 
in  solving  this  problem  comprise  studies  of :  The  production  of 
phosphoric  acid  by  volatilization  methods;  production  of  elemental 
phosphorus ;  production  of  blast-furnace  gas  for  power  purposes ; 
phosphate  rock  as  a  source  of  fluorine ;  composition  and  fertilizer 
value  of  Florida  soft  phosphate ;  and  treatment  of  phosphate  rock 
with  sulphuric  acid,  hydrochloric  acid,  and  nitric  acid,  and  fabrica¬ 
tion  of  products. 

Potash  Research.  Potassium  is  the  third  great  essential  for  plant 
growth,  the  general  tone  and  vigor  of  plants  being  largely  dependent 
upon  an  ample  supply  of  this  element.  While  potassium  is  not  a 
constituent  of  any  carbohydrate  compounds,  it  is  in  some  unknown 
way  connected  with  their  production  in  the  plant  cells. 

American  agriculture  is  dependent  on  a  European  monopoly  for 
75  per  cent  of  its  potash  requirements.  It  is  in  need  of  potash 
that  is  cheaper  than  that  now  available  from  European  sources. 
Much  attention  has  therefore  been  given  to  the  discovery  of  possible 
sources  of  potash  in  this  country  and  to  methods  for  their  utiliza¬ 
tion  so  that,  if  possible,  it  may  be  produced  here  as  cheaply  as  in 
Germany.  As  a  result  of  explorations  conducted  partly  in  coopera¬ 
tion  with  the  Geological  Survey,  a  number  of  salt  deposits  and 
brines,  particularly  in  the  arid  regions,  have  been  discovered  to  be 
potential  sources  of  potash,  one  of  which,  Searle’s  Lake,  California, 
now  yields  20  per  cent  of  the  potash  requirements  of  the  United 
States.  Numerous  other  sources  have  been  investigated,  such  as 
cement  and  blast-furnace  dusts,  distillery  and  beet  sugar  wastes, 
and  the  giant  kelps  of  the  Pacific  Coast. 

Investigations  were  carried  on  by  the  former  Bureau  of  Soils  for 
many  years  and  are  now  being  made  to  develop  practical  methods 
for  producing  potash  from  these  mineral  resources  of  the  country. 
Information  has  been  acquired  which  indicates  the  commercial 
feasibility  of  obtaining  agricultural  potash  from  these  great  sup¬ 
plies  of  raw  material  available,  but  so  far  it  has  not  been  possible  to 
apply  the  data  to  the  large-scale  experimentation  required  for  the 
formulation  of  commercial  processes. 

An  essential  of  the  manufacture  of  cheap  agricultural  potash  is 
that  it  be  produced  from  raw  materials  yielding  side-products 
capable  of  sharing  in  a  large  measure  its  production  cost.  This 
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connotes  chemical  processes,  radical  in  nature  and  sometimes  intri¬ 
cate,  requiring  elaborate  experimentation  and  detailed  demonstra¬ 
tion  before  they  can  be  applied  industrially.  Particular  emphasis 
has  been  placed  on  this  phase  of  the  problem.  For  illustration,  in 
the  process  recently  developed  for  the  extraction  of  potash  from 
greensands,  the  largest  potential  source  of  potash  so  far  discovered 
in  this  country,  several  by-products  of  economic  importance  have 
been  obtained,  including  ferric  oxide,  alum,  alumina,  ammonium 
sulphate,  and  glaucosil,  an  active  absorbent  silica  ;  and  in  the  extrac¬ 
tion  of  potash  from  kelp  decolorizing  carbon  (kelp-char)  and 
iodine  have  been  produced  as  by-products. 

The  potash  projects  which  now  occupy  the  attention  of  the 
Bureau  include:  Potash  from  greensand;  potash  from  Georgia 
shale,  potash  from  cement-kiln  and  blast-furnace  dusts ;  transfor¬ 
mation  of  potassium  compounds ;  and  potash  from  feldspar,  leucite, 
and  alunite. 

Concentrated  Fertilizer  Investigations.  The  present  demand  for 
fixed  nitrogen  products  in  fertilizer  manufacture  has  largely  re¬ 
sulted  from  the  high  cost  and  diminishing  supply  of  the  organic 
ammoniates.  They  differ  from  the  latter  in  that  they  are  soluble 
in  water  and  usually  contain  a  much  higher  proportion  of  plant 
food  constituents.  The  use  of  high  grade  materials  in  the  prepara¬ 
tion  of  the  ordinary  fertilizer  mixtures  offers  a  disadvantage  in 
that  filler  or  inert  material  must  be  used  or  other  higher  grade 
materials  replaced  by  materials  of  a  lower  grade  to  give  a  mixture 
of  the  required  composition.  This  may  be  avoided,  however,  by 
increasing  the  proportion  of  the  plant  food  constituents  of  the  fer¬ 
tilizer.  Increasing  the  grade  of  a  fertilizer  offers  an  advantage  in 
that  the  cost  of  storing,  handling,  and  shipping  is  decreased  in 
proportion  as  the  plant  food  content  is  increased. 

Ordinary  fertilizer  materials,  as  a  rule,  contain  only  one  plant 
food  constituent,  but  it  is  possible  to  prepare  fertilizer  materials 
which  contain  any  two  of  the  plant  food  constituents.  By  proper 
selection  of  materials  of  this  kind,  with  or  without  lower  grade 
products,  it  is  possible  to  prepare  fertilizer  mixtures  having  two  to 
five  times  the  concentration  of  the  ordinary  fertilizers.  The  term 
“  concentrated  fertilizers,”  as  applied  to  mixtures  of  this  kind,  was 
first  used  in  the  Bureau  of  Soils,  where  work  on  the  subject  began 
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about  fifteen  years  ago.  This  work  was  undertaken  for  the  reason 
that  concentrated  fertilizers  not  only  cost  less  to  ship  but  their 
use  affords  a  promising  means  of  conserving  the  high-priced  am- 
moniates  required  as  conditioners ;  of  utilizing  the  fixed  nitrogen 
products ;  and  of  decreasing  the  toxic  action  of  the  soluble  salts  in 
fertilizers. 

The  problems  to  which  special  attention  is  now  being  given  in¬ 
clude  a  study  of  (1)  Methods  for  the  commercial  preparation  of 
concentrated  fertilizer  materials  and  mixtures ;  (2)  their  chemical 
analysis;  (3)  behavior  in  storage;  and  (4)  such  chemical  and  phy¬ 
sical  properties  of  fertilizers  in  general  as  hygroscopicity,  cause 
and  prevention  of  caking,  granulation,  and  drillability. 


CHAPTER  III 


ORGANIZATION 

The  functions  of  the  Bureau  of  Chemistry  and  Soils  are  investi¬ 
gational  and  educational,  and  cover  the  fields  of  agricultural  chem¬ 
istry,  soils,  and  fertilizers.  The  Bureau  has  no  regulatory  functions. 

There  are  no  statutes  specifically  providing  for  the  creation  of 
the  Bureau  of  Chemistry  and  Soils  or  the  former  Bureau  of  Chem¬ 
istry,  Bureau  of  Soils,  or  Fixed  Nitrogen  Laboratory.  The  exis¬ 
tence  of  these  organizations  has  been  recognized,  however,  in  the  ap¬ 
propriation  acts,  and  in  certain  regulatory  acts.  The  reorganization 
effected  on  July  i,  1927,  whereby  the  three  above-mentioned  units 
were  consolidated  into  one  bureau,  certain  chemical  activities  of 
the  Bureau  of  Plant  Industry  were  transferred  to  the  new  Bureau, 
the  regulatory  functions  of  the  Bureau  of  Chemistry  were  trans¬ 
ferred  to  the  newly  created  Food,  Drug,  and  Insecticide  Adminis¬ 
tration,  and  the  Insecticide  and  Fungicide  Board  was  abolished, 
was  brought  about  by  the  provisions  of  the  appropriation  act  of 
January  18,  1927  (44  Stat.  L.,  976,  991),  making  appropriation  for 
the  fiscal  year  ending  June  30,  1928,  and  which  became  effective 
on  July  1,  1927. 

The  employees  of  the  Bureau  of  Chemistry  and  Soils  are  nearly 
all  in  the  classified  civil  service  and  receive  their  appointment 
through  examination  and  recommendation  by  the  Civil  Service 
Commission. 

The  Bureau  of  Chemistry  and  Soils  consists  of  the  Office  of  the 
Chief  of  the  Bureau  and  three  units  or  branches ;  namely,  Chemical 
and  Technological  Research,  Soil  Investigations,  and  Fertilizer  and 
Fixed  Nitrogen  Investigations. 

Office  of  the  Chief  of  Bureau.  The  Chief  of  the  Bureau  of 
Chemistry  and  Soils  has  general  supervision  over  the  administra¬ 
tive  and  scientific  work  of  the  Bureau.  He  is  aided  in  his  duties 
by  an  Assistant  Chief  of  Bureau,  who  at  present  is  also  Chief  of 
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the  Chemical  and  Technological  Research  Branch,  and  an  Assistant 
to  the  Chief,  who  is  in  general  charge  of  the  business  operations  of 
the  Bureau. 

Business  Operations.  The  business  operations  of  the  Bureau, 
which  are  such  as  are  usually  centered  in  the  office  of  the  Chief 
Clerk,  are  conducted  under  the  immediate  direction  of  an  Assistant 
Chief  Administrative  Officer,  who  is  the  assistant  to  the  Chief  of 
Bureau.  They  are  carried  on  in  six  sections ;  namely,  Finance, 
Editorial,  Personnel,  Correspondence,  Property,  and  Service,  the 
functions  of  which  are  indicated  by  their  titles. 

Chemical  and  Technological  Research  Branch.  The  Chemical 
and  Technological  Research  Branch  performs  the  investigational 
and  research  work  formerly  carried  on  by  the  Bureau  of  Chemistry. 
It  is  organized  in  the  following  nine  divisions :  Carbohydrate, 
Chemical  Engineering,  Color  and  Farm  Waste,  Crop  Chemistry, 
Food  Research,  Insecticide  and  Fungicide,  Oil,  Fat  and  Wax, 
Protein  and  Nutrition,  and  Industrial  Farm  Products. 

The  Branch  is  under  the  general  direction  of  a  Chief  and  an 
Assistant  Chief. 

Office  of  the  Chief  of  Branch.  The  Chief  and  the  Assistant  Chief 
of  the  Chemical  and  Technological  Branch  have  general  supervision 
and  control  over  all  the  activities  of  the  Branch,  both  in  Washing¬ 
ton,  and  in  the  field.  The  Chief  of  this  Branch  is  also  Assistant 
Chief  of  the  Bureau. 

Carbohydrates  Division.  The  function  of  the  Carbohydrates 
Division  is  to  apply  chemistry  and  chemical  technology  in  solving 
problems  pertaining  to  the  production  and  utilization  of  carbohy¬ 
drates,  that  is,  sugar  and  starches  and  products  which  are  essentially 
carbohydrate  in  nature  such  as  sirups,  honey,  “  creams,”  and  con¬ 
fectionery.  Detailed  studies  are  made  of  the  processes  followed 
in  manufacturing  and  of  the  uses  of  the  many  carbohydrate  prod¬ 
ucts  which  lead  to  improvement  in  the  processes  and  the  develop¬ 
ment  of  new  products.  Attention  is  also  given  to  devising  new, 
and  improving  old,  methods  of  analyzing  carbohydrate  materials. 

Plant  Dust  Explosion  and  Farm  Fire  Division.  The  Plant  Dust 
Explosion  and  Farm  Fire  Division  carries  on  investigations,  either 
independently  or  in  cooperation  with  individuals,  associations,  or 
corporations  for  the  development  of  methods  for  the  prevention  of 
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farm  fires,  and  of  grain  dust,  smut  dust,  and  other  plant  dust 
explosions  and  resulting  fires,  including  fires  in  cotton  gins  and 
cotton-oil  mills.  In  carrying  on  its  work  the  Division  is  subdivided 
into  Sections  for  Dust  Explosions ;  Farm  Fires ;  Industrial  Rela¬ 
tions  ;  and  Development. 

Color  and  Farm  Waste  Division.  The  Color  and  Farm  Waste 
Division  deals  with  the  production,  properties,  and  purification  of 
intermediates  and  dye-stuffs,  and  with  the  utilization  of  industrial 
and  farm  wastes.  It  gives  attention  to  the  development  of  new 
and  more  economical  processes  for  materials  already  well  known 
in  the  dye  industry,  and  places  particular  emphasis  on  the  prepara¬ 
tion  of  new  compounds,  in  harmony  with  the  trend  of  modern 
developments  in  this  field.  Other  lines  of  work  with  which  this 
division  is  concerned  are  the  synthesis  and  the  standardization  of 
biological  stains ;  and  a  study  of  the  chemical  action  of  micro¬ 
organisms  with  a  view  to  their  utilization  in  industry. 

Crop  Chemistry  Division.  The  Crop  Chemistry  Division  is 
devoted  to  the  study  of  the  chemical  composition  of  crops  and  crop 
plants,  and  of  practical  methods  of  modifying  this  composition.  It 
is  giving  particular  attention  to  increasing  the  protein  content  of 
wheat  by  adding  nitrogenous  fertilizers  at  certain  stages  in  the 
growth  of  the  plant.  It  is  also  making  a  detailed  study  of  soil  acidity 
and  alkalinity,  and  their  effect  on  the  growth  and  composition  of 
plants. 

Food  Research  Division.  The  Food  Research  Division  is  engaged 
in  fundamental  studies  of  foodstuffs  in  all  phases  of  their  develop¬ 
ment  from  raw  materials  to  the  finished  products.  These  studies 
are  made  both  in  the  laboratory  and  in  the  field  in  collaboration  with 
large  scale  producers.  The  Division  is  organized  to  consider  these 
problems  from  the  viewpoints  of  the  chemist,  the  mycologist,  the 
bacteriologist,  and  the  microscopist.  In  the  development  of  these 
various  problems,  collaboration  is  frequently  necessary  with  other 
bureaus  of  the  Department,  as  well  as  with  research  organizations 
throughout  the  country.  The  work  of  the  division  is  organized 
under  the  following  laboratories  or  sections:  Fruit  and  vegetable 
chemistry ;  phytochemical  investigations ;  cereal  chemistry ;  metals 
in  food  toxicological  investigations ;  chemistry  of  plant  products, 
and  food  microscopy. 
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Insecticide  and  Fungicide  Division.  The  Insecticide  and  Fungi¬ 
cide  Division  carries  on  investigations:  (1)  To  isolate  and  deter¬ 
mine  the  constitution  of  the  chemical  constituents  of  insecticidal 
plants,  such  as  larkspur,  pyrethrum  and  derris ;  (2)  to  synthesize 
new  organic  and  inorganic  compounds  for  use  as  insecticides  and 
fungicides;  (3)  to  determine  the  fundamental  physical  and  chemi¬ 
cal  properties  of  insecticides  and  fungicides,  for  example,  the  vapor 
pressure,  solubility,  surface  tension,  viscosity,  crystal  form,  and 
flash-point ;  (4)  to  develop  commercial  methods  of  manufacturing 
these  new  materials  and  to  devise  cheaper  ways  of  making  those 
insecticides  and  fungicides  already  in  use ;  and  (5)  to  determine  the 
causes  of  spray  injury  to  vegetation  and  means  to  obviate  these;  to 
determine  the  effects  of  fumigants  upon  the  germination  of  seeds, 
the  colors  and  tensile  strength  of  fabrics,  the  corrosion  of  metals, 
and  the  milling  and  baking  properties  of  grain.  The  Insecticide 
Division  also  acts  as  chemical  consultant  to  the  Bureaus  of  Ento¬ 
mology  and  Plant  Industry  in  questions  relating  to  the  physical 
properties,  chemical  composition,  and  physical  and  chemical  com- 
patabilities  of  insecticides  and  fungicides. 

Oil ,  Fat,  and  Wax  Division.  The  Oil,  Fat,  and  Wax  Division 
studies  the  characteristics  and  composition  of  fats  and  oils  with  a 
view  to  increasing  their  profitable  utilization.  Oils  from  new 
sources  are  examined  to  discover  for  what  purposes  they  may  be 
used.  Methods  are  devised  or  improved  for  the  investigation  of 
fats,  oils,  or  waxes,  and  for  the  detection  of  adulterants  in  the  more 
important  commercial  products. 

Protein  and  Nutrition  Division.  The  Protein  and  Nutrition  Divi¬ 
sion  conducts  fundamental  biochemical  researches  in  the  field  of 
protein  chemistry  and  vitamins,  involving  the  isolation  of  proteins 
from  different  substances,  study  of  their  chemical  and  physical 
properties,  separation  and  determination  of  their  amino  acid  com¬ 
ponents,  with  particular  reference  to  the  amino  acids  essential 
for  the  normal  nutrition  of  animals,  and  studies  on  methods  used 
in  protein  and  vitamin  analysis.  One  of  the  chief  aims  of  the  work 
is  to  ascertain  the  nutritive  value  of  different  foods  with  respect  to 
proteins  and  vitamins.  Feeding  experiments  are  conducted  in  con¬ 
nection  with  both  vitamin  and  protein  studies. 

Industrial  Farm  Products  Division.  The  Industrial  Farm 
Products  Division  has  charge  of  scientific,  technical,  and  economic 
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studies  on  tanning  materials,  hides  and  skins,  tanning  processes, 
leather  and  leather  substitutes,  leather  goods,  leather  and  tannery 
wastes,  naval  stores,  farm  fabrics,  and  wool  scouring  wastes,  with 
special  reference  to  the  rational  conservation  of  raw  materials,  the 
production  of  more  serviceable  finished  articles,  and  the  more  com¬ 
plete  utilization  of  farm  and  forest  products  and  wastes.  The  work 
is  subdivided  as  follows :  Leather  and  tanning  investigations, 
naval  stores  investigations,  paper  investigations,  and  farm  fabrics 
investigations. 

Office  of  the  Superintendent  of  the  Chemistry  Building.  The 
Chemistry  building  is  being  used  by  the  Chemical  and  Technological 
Research  Branch  of  the  Bureau  of  Chemistry  and  Soils  and  by  the 
Food,  Drug,  and  Insecticide  Administration,  the  units  which  for¬ 
merly  constituted  the  Bureau  of  Chemistry.  The  Superintendent 
of  the  Chemistry  Building  has  general  custodial  charge  of  this 
building  and  its  equipment,  and  its  maintenance  and  repairs. 

Soil  Investigations  Branch.  The  Soil  Investigations  Branch  of 
the  Bureau  carries  on  that  portion  of  the  work  of  the  former  Bureau 
of  Soils  and  of  the  work  transferred  from  the  Bureau  of  Plant 
Industry  which  relates  to  the  study  of  the  soil  in  all  its  relationships. 
The  Branch  is  under  the  general  direction  of  a  chief  scientist.  The 
work  is  carried  on  in  five  divisions,  namely,  Soil  Survey,  Soil 
Physics,  Soil  Chemistry,  Soil  Fertility,  and  Soil  Microbiology. 

Office  of  the  Chief  of  Branch.  The  Chief  of  the  Soils  Investiga¬ 
tions  Branch  has  general  supervision  and  control  over  all  the  activi¬ 
ties  of  the  branch  in  Washington,  and  in  the  field.  His  status  is 
somewhat  higher  than  that  of  a  division  chief. 

Soil  Survey  Division.  The  Soil  Survey  Division  has  charge  of 
the  work  of  surveying  and  classifying  the  soils  in  the  United  States 
and  dependencies,  comprising  detailed  and  reconnaissance  soil  sur¬ 
veys,  classification  of  lands  of  irrigation  projects,  national  forests, 
and  other  projects,  the  relation  of  soil  types  to  crops,  and  the  collec¬ 
tion  and  dissemination  of  soil  information.  The  work  is  carried  on 
both  in  the  field  and  in  the  laboratory. 

Soil  Physics  Division.  The  Soil  Physics  Division  includes 
studies  concerning  moisture  relation,  heat  conductivity,  soil  texture, 
and  other  physical  soil  characteristics,  and  routine  mechanical 
analyses  of  soils. 
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Soil  Chemistry  Division.  The  Soil  Chemistry  Division  conducts 
chemical  investigations  of  soil  types,  including  research  in  soil 
chemistry,  soil  analyses,  and  soil  mineralogy,  and  petrography. 
Routine  chemical  work  in  connection  with  the  soil  studies  is  also 
performed  by  this  Division. 

Soil  Fertility  Division.  The  Soil  Fertility  Division  carries  on 
studies  concerning  organic  causes  of  soil  infertility;  the  mainte¬ 
nance  of  soil  productivity,  and  investigations  of  the  composition  of 
soil  humus,  including  both  laboratory  and  greenhouse  work.  Field 
investigations  are  carried  out  on  the  principal  soil  types  of  the 
United  States,  comprising  soil  fertility  studies,  green  manuring, 
fertilizer  requirements,  and  the  relation  of  biochemical  soil  factors 
to  the  prevalence  of  plant  diseases.  The  fertilizer  studies  carried 
out  on  the  principal  crops  include  new  nitrogen,  phosphate,  and 
potash  materials  and  the  use  of  concentrated  fertilizers. 

Soil  Microbiology  Division.  The  Soil  Microbiology  Division 
carries  on  studies  of  the  microbiological  population  of  the  soil  and 
the  relation  of  the  different  groups  of  organisms  to  nitrogen  fixa¬ 
tion  and  other  soil  fertility  problems.  The  Division  also  collects 
and  tests  commercial  samples  of  inoculating  material. 

Fertilizer  and  Fixed  Nitrogen  Investigations  Branch.  The 

Fertilizer  and  Fixed  Nitrogen  Investigations  Branch  carries  on  the 
fertilizer  investigations  formerly  made  by  the  Bureau  of  Soils  and 
the  Bureau  of  Plant  Industry,  and  the  work  of  the  Fixed  Nitrogen 
Laboratory.  The  work  is  carried  on  in  ten  divisions,  each  being 
designated  by  the  work  it  performs ;  namely,  Biochemical  and  Or¬ 
ganic  Nitrogen  Investigations,  Chemical  Engineering  Division, 
Transformation  of  Nitrogen  Compounds,  Concentrated  Fertilizer, 
Mechanical  Engineering,  Physics,  Gas  Constants  and  Chemical 
Analysis,  Phosphates,  Potash,  and  Mechanism  of  Catalysis. 

Office  of  the  Chief  of  Branch.  The  Chief  of  the  Fertilizer  and 
Fixed  Nitrogen  Investigations  Branch  has  general  supervision  over 
the  activities  of  this  Branch,  which  are  carried  on  mainly  at  the 
American  University  in  Washington,  and  at  the  Arlington  Farm. 
His  status  is  somewhat  higher  than  that  of  a  division  chief. 

Biochemical  and  Organic  Nitrogen  Division.  The  Biochemical 
and  Organic  Nitrogen  Division  carries  on  biochemical  and  organic 
nitrogen  studies  of  the  mechanism  of  the  reactions  which  take  place 
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in  the  natural  fixation  of  nitrogen  by  bacteria,  with  the  view  of 
developing  better  methods  of  artificially  producing  nitrogen  com¬ 
pounds;  and  nitrogen  fixation  by  means  of  organic  compounds, 
independent  of  living  organisms. 

Chemical  Engineering  Division.  The  Chemical  Engineering  Divi¬ 
sion  studies  the  nitrogen  fixation  industry  for  the  purpose  of  eval¬ 
uating  developments  and  advising  in  regard  to  the  disposition  of  the 
nitrate  plants  at  Muscle  Shoals.  It  also  carries  on  investigations  into 
the  suitability  of  materials  for  use  in  the  nitrogen  fixation  industry, 
the  purpose  being  to  determine  what  materials  are  best  suited  for 
use  where  corrosion  or  deterioration  are  liable  to  occur.  It  also 
operates  equipment  for  supplying  materials  such  as  liquid  air, 
carbon  monoxide,  etc.,  incident  to  various  investigations. 

Transformation  of  Nitrogen  Compounds  Division.  The  Trans¬ 
formation  of  Nitrogen  Compounds  carries  on  intensive  investi¬ 
gations  for  the  transformation  of  ammonia,  the  product  of  fixed 
nitrogen,  into  compounds  suitable  as  mixtures  for  agricultural  use. 

Concentrated  Fertilizer  Division.  The  Concentrated  Fertilizer 
Division  concerns  itself  with  a  study  of  the  chemical  and  mechanical 
properties  of  fertilizers  and  with  the  investigation  of  new  methods 
for  the  commercial  preparation  of  concentrated  fertilizer  materials 
and  mixtures. 

Mechanical  Engineering  Division.  The  Mechanical  Engineering 
Division  designs,  constructs,  and  assembles  special  apparatus 
needed  in  the  experimentation  carried  on  by  this  Branch  of  the 
Bureau ;  manufactures  parts  of  such  equipment ;  furnishes  engi¬ 
neering  details  of  such  apparatus  adapted  for  industrial  use ;  and 
tests  materials  used  in  such  construction. 

Physics  Division.  The  Physics  Division  carries  on  researches  in 
theoretical  and  physical  chemistry ;  comprising  thermionic  and 
photoelectric  properties  of  catalytic  surfaces  in  relation  to  their 
chemical  activity ;  contact  potential  measurements  in  a  vacuum  and 
in  the  presence  of  gas  as  an  additional  method  of  studying  surface 
catalysis;  thermodynamical  and  theoretical  analyses  as  related  to 
the  various  problems  arising  in  this  Branch,  and  other  physical 
tests  and  experiments. 

Gas  Constants  and  Chemical  Analysis  Division.  The  Gas  Con¬ 
stants  and  Chemical  Analysis  Division  concerns  itself  with  the 
determination  of  the  physical  constants  of  gases  under  high  pres- 
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sure.  Investigations  are  being  conducted  on  the  compressibility, 
specific  volume,  density,  specific  heats,  at  constant  pressure  and  con¬ 
stant  volume,  Joule  Thomson  coefficient,  volume  temperature 
coefficient,  volume  pressure  coefficient,  temperature  pressure  coeffi¬ 
cient,  solubility,  and  vapor  content  of  compressed  gases  in  contact 
with  liquids. 

The  analytical  laboratory  makes  analyses  of  all  forms  of  nitrogen 
compounds,  ferrous  and  non-ferrous  alloys,  catalysts,  fertilizers, 
and  slags.  It  also  runs  control  tests  on  so-called  pure  chemicals 
which  are  used  for  special  research  work. 

Phosphate  Division,  Researches  are  carried  on  in  the  Phosphate 
Division  with  the  view  of  developing  improved  technology  in  the 
methods  of  extracting  and  subsequently  treating  phosphate  ore  in 
order  to  reduce  the  cost  of  production  of  phosphate  as  a  fertilizer 
and  to  conserve  this  natural  resource. 

Potash  Division.  The  Potash  Division  carries  on  investigations 
for  the  development  of  practical  methods  for  producing  potash 
from  existing  domestic  mineral  resources  and  industrial  wastes, 
an  essential  feature  of  which  is  the  obtaining  of  by-products  to 
aid  in  cheapening  the  potash  fertilizer. 

Mechanism  of  Catalysis  Division,  The  Division  designated  as 
Mechanism  of  Catalysis  makes  studies  of  the  catalytic  agents  and 
the  phenomena  of  catalysis,  applied  in  the  synthesis  of  ammonia, 
the  purification  of  hydrogen,  and  the  production  of  hydrogen  and 
phosphoric  acid. 
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OUTLINE  OF  ORGANIZATION 
Explanatory  Note 

The  purpose  of  Outlines  of  Organization  in  this  series  of 
Monographs  is  to  show  in  detail  the  organization  and  personnel 
of  the  several  services  of  the  national  government  to  which  they 
relate.  They  have  been  prepared  in  accordance  with  the  plan  fol¬ 
lowed  by  the  President’s  Commission  on  Economy  and  Efficiency 
in  its  outlines  of  the  organization  of  the  United  States  government.1 
They  differ  from  those  outlines,  however,  in  that  whereas  the 
Commission’s  report  showed  only  organization  units,  the  presenta¬ 
tion  herein  has  been  carried  far  enough  to  show  the  personnel 
embraced  in  each  organization  unit. 

These,  outlines  are  of  value  not  merely  as  an  effective  means  of 
making  known  the  organization  of  the  several  services.  If  kept 
revised  to  date,  they  constitute  exceedingly  important  tools  of  ad¬ 
ministration.  They  permit  the  directing  personnel  to  see  at  a 
glance  the  organization  and  personnel  at  their  disposal.  They 
establish  definitely  the  line  of  administrative  authority  and  enable 
each  employee  to  know  his  place  in  the  system.  They  furnish 
the  essential  basis  of  plans  for  determining  costs  by  organization 
division  and  sub-division.  They  afford  the  data  for  a  considera¬ 
tion  of  the  problem  of  classifying  and  standardizing  personnel 
and  compensation.  Collectively  they  make  it  possible  to  determine 
the  number  and  location  of  organization  units  of  any  particular 
kind,  such  as  laboratories,  libraries,  blue-print  rooms,  or  other 
plants,  to  what  services  attached  and  where  located,  or  to  deter¬ 
mine  what  services  are  maintaining  stations  at  any  city  or  point 
in  the  United  States.  The  Institute  hopes  that  upon  the  completion 
of  the  present  series,  it  will  be  able  to  prepare  a  complete  classified 
statement  of  the  technical  and  other  facilities  at  the  disposal  of 

1 62  Cong.,  H.  doc.  458,  1912,  2  vols. 
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the  government.  The  present  monographs  will  then  furnish  the 
details  regarding  the  organization,  equipment,  and  work  of  the 
institution  so  listed  and  classified. 
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BUREAU  OF  CHEMISTRY  AND  SOILS 
DEPARTMENT  OF  AGRICULTURE 
SEPTEMBER  21,  1928 


Units  of  Organization ; 

Classes  of  Employees  Number  * 

1 .  General  Administration 

1.  Office  of  Chief  of  Bureau 

Chief  1 

Assistant  Chief  (Also  Chief  of  Chem¬ 
ical  and  Technological  Branch) 

2.  Office  of  Assistant  to  the  Chief 

Assistant  to  the  Chief  I 

Senior  Clerk  1 

3.  Office  of  the  Chief  Clerk 

Chief  Clerk  1 

Clerk-Stenographer  1 

Clerk  1 

Assistant  Clerk-Stenographer  2 

Junior  Clerk  1 

Junior  Clerk-Typist  I 

Under  Clerk-Typist  2 

Head  Messenger  1 

Junior  Laborer  2 

1 

4.  Office  of  Finance  and  Accounts 

Senior  Administrative  Assistant 

in  Charge  1 

Senior  Clerk  1 

1 

Assistant  Clerk-Stenographer  1 

Assistant  Clerk  1 

5.  Office  of  the  Editor 

Editor  1 

Principal  Clerk  1 

Senior  Clerk  2 

Clerk  1 

Assistant  Clerk- Stenographer  I 

Junior  Clerk-Typist  1 


Annual 
Salary  Rate 


$8,000 


4,600 

2,300 

3TOO 

1,980 

1,980 

1,620 

1,560 

1,560 

1,260 

1,320 

1,140 

1,080 


3400 

2,200 

2,100 

1,800 

I,68o 

3,200 

2,300 

2,000 

1,860 

1,620 

1,440 


1  This  is  the  number  of  persons  actually  employed  on  September  21,  1928. 
There  were  90  vacancies  in  the  Bureau  on  that  date. 
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6.  Office  of  Purchasing  Agent  and  Prop¬ 
erty  Clerk 


Principal  Clerk  in  Charge 

i 

2,300 

Junior  Clerk- Stenographer 

i 

1,440 

Under  Clerk 

i 

1,260 

Chemical  and  Technological  Research  Branch 
i.  Office  of  Chief  of  Branch 


Chief  of  Branch  (also  Assistant  Chief 


of  Bureau 

1 

7,000 

Assistant  Chief  (Principal  Chemist) 

1 

5,800 

Associate  Chemist  (Field) 

1 

3,500 

Assistant  Chemist  (Field) 

1 

(per  mo.)  250 

Assistant  Librarian 

1 

2,600 

Principal  Clerk 

1 

2,600 

Principal  Clerk  (Special  Collaborators) 

1 

2,600 

Clerk 

1 

1,980 

1 

1,920 

Assistant  Clerk 

1 

1,620 

Junior  Clerk 

1 

1,620 

2 

1,560 

Clerk-Stenographer 

1 

1,800 

Senior  Stenographer 

2 

1,620 

Senior  Laborer 

1 

1,200 

Assistant  Messenger 

1 

1,080 

Junior  Messenger 

2 

600 

2.  Carbohydrates  Division 

Principal  Chemist 

1 

5,600 

Senior  Chemist 

1 

4,600 

Associate  Chemist 

1 

3,500 

1 

3,400 

1 

3,300 

1 

3,200 

Assistant  Chemist 

1 

2,900 

1 

2,800 

1 

2,600 

Junior  Sugar  Technologist 

4 

2,000 

Scientific  Aid 

1 

1,860 

Minor  Scientific  Helper 

1 

1,200 

1 

1,140 

Chief  Translator 

1 

(per  hr.)  1.27 

Senior  Clerk 

1 

2,300 

Assistant  Clerk 

1 

1,800 

3.  Crop  Chemistry  Division 

Principal  Chemist 

1 

5,600 

Associate  Chemist 

1 

3.300 

Junior  Chemist 

1 

2,100 

Minor  Scientific  Helper 

1 

1,260 
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Food  Research  Division 

Principal  Chemist 

i 

5,800 

Senior  Chemist 

i 

4,800 

i 

4,600 

Senior  Chemist  (Field) 

i 

4,800 

Associate  Chemist 

i 

3400 

i 

3,200 

Associate  Chemist  (Field) 

i 

3,300 

2 

3,200 

Assistant  Chemist 

i 

2,600 

Junior  Chemist 

i 

2,000 

Junior  Chemist  (Field) 

i 

2,100 

Senior  Biochemist 

i 

4,600 

Bacteriologist 

i 

3,800 

Assistant  Bacteriologist 

i 

2,700 

Associate  Microscopist 

i 

3,200 

Assistant  Scientific  Aid 

i 

1,920 

Junior  Scientific  Aid  (Field) 

i 

1,440 

Under  Scientific  Helper 

i 

1,260 

Under  Scientific  Helper  (Field) 

i 

1,380 

Minor  Scientific  Helper 

2 

1,020 

Assistant  Laboratory  Mechanic 

I 

1,800 

Senior  Clerk 

I 

2,000 

Clerk  (Field) 

I 

1,860 

Assistant  Clerk 

I 

1,740 

Assistant  Clerk-Stenographer 

I 

1,620 

Insecticide  and  Fungicide  Division 

Principal  Chemist 

I 

5,600 

Senior  Chemist 

I 

4,600 

Associate  Chemist 

I 

3,600 

I 

3,500 

2 

3,200 

Associate  Chemist  (Field) 

I 

3,200 

Assistant  Chemist 

I 

3,000 

I 

2,800 

I 

2,700 

2 

2,600 

Assistant  Scientific  Aid 

I 

1,620 

Minor  Scientific  Helper 

I 

1,140 

Clerk-Stenographer 

I 

1,800 

Plant  Dust  Explosion  and  Farm  Fire 

Division 

Principal  Engineer 

I 

5,600 

Engineer 

2 

3,800 

Associate  Engineer 

I 

3,400 

Assistant  Engineer 

2 

2,600 

BUREAU  OF  CHEMISTRY  AND  SOILS 


Associate  Industrial  Engineer 

i 

3400 

Associate  Development  Engineer 

i 

3400 

Junior  Chemical  Engineer 

i 

2,000 

Associate  Chemist 

i 

3,200 

Senior  Engineering  Aid 

i 

2,000 

Senior  Draftsman 

i 

2,200 

Clerk-Stenographer 

i 

i,8oo 

Senior  Stenographer 

i 

1,620 

Color  and  Farm  Waste  Division 

Principal  Chemist 

i 

5,600 

Senior  Chemist 

3 

4,600 

Associate  Chemist 

i 

3,500 

i 

3400 

i 

3,200 

Assistant  Chemist 

2 

2,700 

I 

2,600 

Junior  Chemist 

3 

2,000 

Principal  Mechanic 

i 

2,700 

Minor  Scientific  Helper 

i 

1,140 

i 

1,080 

i 

1,020 

Senior  Clerk 

i 

2,300 

Senior  Stenographer 

i 

1,620 

Custodial  Mechanic 

i 

2,200 

Mechanic  (Carpenter) 

i 

I,800 

Junior  Laborer 

i 

1,260 

2 

1,140 

Oil,  Fat,  and  Wax  Division 

Senior  Chemist 

I 

4,800 

Associate  Chemist 

I 

3,300 

Assistant  Chemist 

I 

2,600 

Junior  Chemist 

I 

2,000 

Minor  Scientific  Helper 

I 

1,200 

Protein  and  Nutrition  Division 

Principal  Chemist 

I 

5,600 

Senior  Chemist 

2 

4,600 

Junior  Chemist 

I 

2,100 

I 

2,000 

Senior  Scientific  Aid 

I 

2,000 

Assistant  Scientific  Aid 

I 

1,920 

Junior  Scientific  Aid 

I 

1,740 

Minor  Scientific  Helper 

I 

1,260 

I 

1,080 

Clerk-Stenographer 

I 

1,800 

Industrial  Farm  Products  Division 

Principal  Chemist 

I 

5,800 

Senior  Chemist 

I 

4,600 
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Chemist 

1 

3,800 

Associate  Chemist 

1 

3,200 

Associate  Chemist  (Field) 

1 

3.300 

Assistant  Chemist 

1 

2,800 

Junior  Chemist 

1 

2,400 

1 

2,300 

1 

2,100 

Associate  Hide  Specialist 

1 

3,200 

Assistant  Hide  Specialist 

1 

2,600 

Technologist  (Field) 

1 

(per  day)  20 

Minor  Scientific  Helper 

1 

1,200 

1 

1,140 

Clerk-Stenographer 

1 

1,800 

Clerk-Stenographer  (Field) 

1 

(per 

mo. )  40 

Senior  Stenographer 

1 

1,620 

Office  of  Superintendent  of  Chemistry 

Building 

Superintendent 

1 

2,600 

Principal  Laboratory  Mechanic 

1 

2,500 

Senior  Laboratory  Mechanic 

1 

2,000 

Machinist 

1 

1,500 

Minor  Scientific  Helper 

1 

1,080 

Minor  Custodian 

1 

1,500 

1 

1,200 

Senior  Laborer 

1 

1,260 

Junior  Laborer 

1 

1,140 

1 

1,080 

Junior  Laborer 

6  (per 

hr.)  45c 

1  Investigations  Branch 

Office  of  Chief  of  Soil  Investigations 

Chief  of  Branch 

1 

6,400 

Clerk-Stenographer 

1 

1,800 

Soil  Survey  Division 

Principal  Soil  Scientist 

1 

5,800 

Senior  Soil  Scientist 

4 

4,600 

Senior  Soil  Scientist  (Field) 

1 

4,600 

1 

3,600 

Associate  Soil  Scientist 

2 

3,200 

Associate  Soil  Scientist  (Field) 

1 

1,620 

Associate  Soil  Technologist 

1 

3,200 

Assistan  Soil  Physicist 

1 

2,800 

Scientist,  Peat  and  Muck  Investigations  1 

3,800 

Assistant  Soil  Surveyor 

3 

2,800 

13 

2,700 

2 

2,600 
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Junior  Soil  Surveyor  i  2,300 

5  2,200 

6  2,100 

1 3  2,000 

Assistant  Scientific  Aid  3  1,620 

Junior  Administrative  Assistant  1  3, 000 

Senior  Photographer  1  2,000 

Senior  Translator  1  (per  hr.)  79c8 

Clerk  1  2,040 

Assistant  Clerk-Stenographer  1  1,740 

1  1 ,620 

Junior  Clerk  1  1,500 

Under  Clerk  1  1,500 

Junior  Laborer  1  1,140 

1  600 

Associate  Cartographer  2  3,200 

Chief  Draftsman  1  2,800 

Principal  Draftsman  1  2,300 

Draftsman  5  1,800 

Assistant  Draftsman  7  1,620 

Junior  Draftsman  4  1,440 

3.  Soil  Physics  Division 

Physicist  1  3,800 

Junior  Soil  Physicist  I  2,000 

Senior  Mechanic  1  2,400 

Assistant  Mechanic  1  1,740 

Under  Scientific  Helper  1  1,380 

1  1,260 

4.  Soil  Chemistry  Division 

Principal  Chemist  1  5,600 

Senior  Chemist  1  4,600 

Associate  Chemist  1  3, 500 

1  3,400 

Assistant  Chemist  1  3, 000 

1  2,800 

1  2,700 

2  2,600 

Associate  Soil  Petrographer  1  3,400 

Minor  Scientific  Helper  1  1,260 

5.  Soil  Fertility  Division 

Principal  Biochemist  1  5,800 

Senior  Biochemist  3  4,800 

1  3  >800 

Associate  Biochemist  1  3,600 


3  When  actually  employed. 


OUTLINE  OF  ORGANIZATION  171 

Associate  Biochemist  (Field)  1  3, 300 

Assistant  Biochemist  1  3, 100 

1  3,000 

1  2,900 

1  2,700 

2  2,600 

Associate  Chemist  1  3,600 

Associate  Soil  Technologist  1  3,200 

Associate  Soil  Technologist  (Field)  2  3,200 

Foreman,  Gardeners  1  2,100 

Junior  Scientific  Aid  1  1,560 

Clerk-Stenographer  1  1,860 

Assistant  Clerk-Stenographer  1  1,680 

1  1,620 

Senior  Laborer  1  1,200 

Junior  Laborer  1  (per.hr.)  45c 

Agent 4  1  3,000 

6.  Soil  Microbiology  Division 

Principal  Mycologist  1  5,800 

Senior  Bacteriologist  1  4,600 

Bacteriologist  1  3,800 

Assistant  Bacteriologist  1  2,600 

1  2,400 

Expert  Translator  1  (per  hr.)  83c5 

Assistant  Scientific  Aid  1  1,740 

Under  Scientific  Helper  1  1,500 

Minor  Scientific  Helper  1  1,260 

Assistant  Clerk  2  1,140 

Junior  Laborer  1  1,680 

2  1,080 

Fertilizer  and  Fixed  Nitrogen  Investigations 
Branch 

1.  Office  of  Chief  of  Branch 

Chief  of  Branch  1  6,400 

Junior  Administrative  Assistant  1  2,700 

Junior  Chemist  (Librarian)  1  2,400 

Senior  Clerk  1  2,300 

Assistant  Clerk  1  1,860 

Junior  Clerk  1  1,560 

Clerk-Stenographer  1  1,800 

Under  Telegraph  Operator  1  1,320 

Assistant  Foreman  of  Laborers  1  1,620 

Senior  Guard  1  1,440 

Guard  (Watchman)  2  1,500 


Detailed  from  Bureau  of  Dairy  Industry. 
When  actually  employed. 
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Minor  Mechanic  (Foreman)  i 

Senior  Laborer  i 

Junior  Laborer  2 

1 

1 

2.  Biochemical  and  Organic  Nitrogen 
Division 


Senior  Chemist  in  Charge  1 

Assistant  Chemist  I 

Associate  Bio-Chemist  1 

Associate  Plant  Physiologist  1 

Under  Laboratory  Apprentice  1 

3.  Chemical  Engineering  Division 

Senior  Chemical  Engineer  in  Charge  1 
Assistant  Chemical  Engineer  1 

Associate  Chemist  1 

Assistant  Chemist  1 

Junior  Mechanic  2 

4.  Transformation  of  Nitrogen  Compounds 

Division 

Senior  Physical  Chemist  1 

Senior  Chemical  Engineer  1 

Assistant  Chemical  Engineer  1 

Junior  Chemical  Engineer  1 

Associate  Chemist  1 

1 

Assistant  Chemist  1 

Junior  Chemist  1 

5.  Concentrated  Fertilizer  Division 

Senior  Chemist  1 

Associate  Chemist  1 

Assistant  Chemist  1 

1 

3 

Associate  Mechanical  Engineer  1 

Senior  Mechanic  2 

Junior  Mechanic  1 

Assistant  Laboratory  Mechanic  1 

Minor  Scientific  Helper  1 

1 

6.  Mechanical  Engineering  Division 

Associate  Mechanical  Engineer  1 

Associate  Engineer  1 

Chief  Engineering  Aid  1 

Principal  Glassblower  1 

Principal  Laboratory  Mechanic  1 


1,500 

1,500 

1,380 

1,32° 

1,020 


4.600 
2,900 

3,300 

3,200 

1,260 

5,000 

2.600 

3.600 

2.600 
1,680 


4,600 

4.600 
3,ooo 

2.400 

3.400 

3.200 

2.600 

2.400 

4.800 
3,5oo 
3,000 
2,900 

2.800 

3.400 

2.400 
1,680 
1,740 

1.200 
1,020 

3,5oo 

3.500 
2,700 

2.500 
2,300 
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Senior  Laboratory  Mechanic 

I 

2,000 

Principal  Instrument  Maker 

I 

2,500 

Senior  Mechanic 

i 

2,500 

5 

2,400 

Under  Mechanic 

i 

1,500 

Assistant  Draftsman 

i 

1,800 

Physics  Division 

Senior  Physicist 

i 

5,200 

Associate  Physicist 

2 

3,200 

Junior  Physicist 

I 

2,000 

Associate  Physical  Chemist 

I 

3,200 

Assistant  Chemist 

I 

2,600 

Junior  Chemist 

2 

2,000 

Scientific  Aid 

I 

2,100 

Assistant  Scientific  Aid 

I 

1,680 

I 

1,620 

Junior  Scientific  Aid 

I 

1,440 

Minor  Laboratory  Assistant 

I 

1,020 

Gas  Constants  and  Chemical  Analysis 

Division 

Senior  Chemist  in  Charge 

I 

4,600 

Associate  Chemist 

I 

2,600 

Junior  Chemist 

I 

2,200 

Phosphates  Division 

Associate  Chemist 

I 

3.500 

Assistant  Chemist 

2 

2,600 

Potash  Division 

Senior  Chemist 

I 

4,600 

Assistant  Chemist 

I 

3,000 

I 

2,600 

Associate  Chemical  Engineer 

I 

3,5oo 

Mechanism  of  Catalysis  Division 

Associate  Chemist 

2 

3,400 

Assistant  Chemist 

I 

2,800 

I 

2,600 

Junior  Chemist 

I 

2,300 

I 

2,000 
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CLASSIFICATION  OF  ACTIVITIES 
Explanatory  Note 

The  Classification  of  Activities  in  this  series  have  for  their 
purpose  to  list  and  classify  in  all  practicable  detail  the  specific 
activities  engaged  in  by  the  several  services  of  the  national  govern¬ 
ment.  Such  statements  are  of  value  from  a  number  of  standpoints. 
They  furnish,  in  the  first  place,  the  most  effective  showing  that 
can  be  made  in  brief  compass  of  the  character  of  work  performed 
by  the  service  to  which  they  relate.  Secondly,  they  lay  the  basis 
for  a  system  of  accounting  and  reporting  that  will  permit  the 
showing  of  total  expenditures  classified  according  to  activities. 
Finally,  taken  collectively,  they  make  possible  the  preparation  of  a 
general  or  consolidated  statement  of  the  activities  of  the  govern¬ 
ment  as  a  whole.  Such  a  statement  will  reveal  in  detail,  not  only 
what  the  government  is  doing,  but  the  services  in  which  the  work 
is  being  performed.  It  is  hardly  necessary  to  point  out  the  value 
of  such  information  in  planning  for  future  work  and  in  con¬ 
sidering  the  problem  of  the  better  distribution  and  coordination 
of  the  work  of  the  government.  The  Institute  contemplates  at¬ 
tempting  such  a  general  listing  and  classification  of  the  activities 
of  the  government  upon  the  completion  of  the  present  series. 

Classification  of  Activities 

i.  Chemical  and  Technological  Research 
i.  Carbohydrate  investigations 

1.  Sirup  and  cane  sugar 

2.  Beet  sugar 

3.  Starch 

4.  Confectionery 

5.  Honey 

6.  Survey  of  principal  carbohydrates  in  food  and  drug 

plants 
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2.  Prevention  of  dust  explosions  and  farm  fires 

1.  Use  of  inert  gas 

2.  Control  of  static  electricity 

3.  Explosibility  service  testing 

4.  Control  of  explosions  in  grain  threshing  machines 

5.  Cotton  gin,  fire  prevention 

6.  Farm  fire  prevention 

3.  Color  and  farm  waste  work 

4.  Crop  chemistry  work 

5.  Food  research 

6.  Insecticide  and  fungicide  investigations 

7.  Oil,  fat,  and  wax  investigations 

8.  Protein  and  nutrition  research 

9.  Leather  and  tanning  investigations 

10.  Naval  stores  investigations 

11.  Paper  and  fiber  board  investigations 

12.  Farm  fabrics  investigations 

2.  Soil  Research 

1.  Soil  survey  work 

2.  Chemical  soil  investigations 

3.  Physical  soil  investigations 

4.  Soil  bacteriological  investigations 

5.  Soil  fertility  investigations 

3.  Fertilizer  and  Fixed  Nitrogen  Research 

1.  Mechanism  of  catalysis 

2.  Transformation  of  nitrogen  compounds 

3.  Mechanical  engineering 

4.  Physics  research 

5.  Biochemical  and  organic  nitrogen  research 

6.  Phosphates  research 

7.  Potash  research 

8.  Concentrated  fertilizer  investigations 
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PUBLICATIONS  1 

The  official  publications  of  the  Bureau  of  Chemistry  and  of  the 
Bureau  of  Soils,  except  the  annual  reports  of  the  Chemist  and  of 
the  Chief  of  the  Bureau  of  Soils,  and  the  Soil  Surveys  were  issued 
from  July  i,  1913,  until  1927  with  those  of  other  bureaus,  as  indi¬ 
vidual  numbers  in  the  following  series  of  departmental  publica¬ 
tions  :  Department  Bulletin,  Department  Circulars,  Farmers’  Bulle¬ 
tins,  Miscellaneous  Publications,  and  Service  and  Regulatory 
Announcements,  and  in  the  form  of  articles  and  reprints  from 
articles  in  the  Yearbook  of  the  Department  of  Agriculture  and  the 
Journal  of  Agricultural  Research.  Before  that  time,  the  Bureau  of 
Chemistry  and  the  Bureau  of  Soils  each  issued  separate  general 
publications  and  each  issued  two  series  of  publications  known  as 
Bulletins  and  Circulars,  the  Bureau  of  Soils  having  also  issued,  as 
at  present,  the  Soil  Surveys  and  the  annual  publication  entitled 
“  Field  Operations.” 

I11  1927  the  Department  of  Agriculture  adopted  new  names  for 
some  of  the  above-mentioned  series,  the  general  character  of  each 
remaining  as  before.  The  Department  Bulletin  series  was  discon¬ 
tinued  with  No.  1500,  and  was  replaced  by  a  “  Technical  Bulletin  ” 
series ;  the  Department  Circular  series  was  discontinued  with  No. 
425  and  replaced  by  “  Circulars  ” ;  and  the  Miscellaneous  Circular 
series  was  discontinued  with  No.  no  and  replaced  by  “Miscel¬ 
laneous  Publications.”  Each  of  these  new  series  began  with  num¬ 
ber  1.  At  the  same  time  a  new  series  called  “  Department  Leaflets  ” 
was  begun. 

Annual  Reports.  Until  July  1,  1927,  the  functions  of  the  Bureau 
of  Chemistry  and  Soils  were  performed  by  three  separate  units,  the 

1  These  publications,  when  available,  are  sold  by  the  Superintendent  of 
Documents,  Government  Printing  Office,  Washington,  D.  C.  Some  of  the 
current  issues  are  furnished  gratis,  upon  application,  by  the  Office  of  Infor¬ 
mation  of  the  Department  of  Agriculture.  Lists  of  new  publications  are 
issued  monthly  and  sent  free  to  persons  requesting  them. 
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Bureau  of  Chemistry,  the  Bureau  of  Soils,  and  the  Fixed  Nitrogen 
Laboratory,  each  of  which  issued  an  annual  report.  The  Annual 
Report  of  the  chemist  was  issued  from  the  year  of  the  establish¬ 
ment  of  the  Department  of  Agriculture  in  1862  until  the  year 
ending  June  30,  1927,  except  for  the  year  1863  when  none  was 
issued.  The  Annual  Report  of  the  Chief  of  the  Bureau  of  Soils 
was  issued  from  the  year  of  the  establishment  as  a  division  in  1894 
until  1927.  These  reports  for  the  earlier  years  appeared  only  in  the 
Annual  Reports  of  the  Department  of  Agriculture,  but  for  about 
thirty  years  they  have  usually  been  also  separately  issued.  Annual 
Reports  of  the  Fixed  Nitrogen  Laboratory,  which  was  established 
in  the  War  Department  March  29,  1919,  and  transferred  to  the 
Department  of  Agriculture  on  July  1,  1921,  have  been  issued  for 
each  of  the  years  1922  to  1927.  Since  the  merging  of  these  units  in 
the  Bureau  of  Chemistry  and  Soils,  on  July  1,  1927,  the  Annual 
Report  of  the  Chief  of  that  Bureau  replaces  these  separate  annual 
reports. 

Soil  Surveys.  Soil  survey  work  has  been  carried  on  since  1899. 
The  results  of  these  surveys  have  been  published  collectively  each 
calendar  year  under  the  title  “  Field  Operations  ”  and  in  individual 
pamphlets  each  relating  to  a  separate  surveyed  area,  usually  a 
county,  designated  as  “  Soil  Surveys.”  These  soil  survey  reports 
consist  of  soil  maps  in  colors,  showing  the  extent  and  distribution 
of  the  different  soils  in  the  areas  covered,  and  printed  statements 
describing,  briefly,  the  areas  and  their  climate  and  agriculture,  and, 
in  detail,  the  characteristics  of  the  soils. 

Service  and  Regulatory  Announcements.  Until  June  30,  1927, 
the  former  Bureau  of  Chemistry,  as  well  as  other  units  of  the 
Department  of  Agriculture  having  regulatory  functions,  issued  at 
irregular  intervals,  notices  of  judgments,  decisions,  and  other  in¬ 
formation  concerning  the  enforcement  of  regulatory  acts.  As  the 
regulatory  functions  of  the  former  Bureau  of  Chemistry  have  been 
transferred  to  the  Food,  Drug,  and  Insecticide  Administration,  the 
Bureau  of  Chemistry  and  Soils  does  not  at  present  issue  these 
publications. 

Technical  Bulletins.  The  Technical  Bulletins,  which  until  1927 
were  known  as  “  Department  Bulletins,”  are  a  series  of  technical 
publications  of  the  various  bureaus  of  the  Department  of  Agri- 
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culture,  intended  primarily  for  specialists  and  research  workers. 
They  contain  results  of  scientific  and  research  work  performed  by 
these  bureaus.  Usually  only  small  editions  are  printed. 

Circulars.  The  Circulars,  formerly  designated  “  Department 
Circulars,”  contain  informational  material  of  the  same  general 
nature  as  that  of  the  Technical  Bulletins  but  of  a  less  technical 
character. 

Miscellaneous  Publications .  The  series  Miscellaneous  Publica¬ 
tions,  formerly  designated  “  Miscellaneous  Circulars,”  includes 
those  publications  of  a  miscellaneous  nature  which  do  not  fall 
within  any  of  the  other  series  issued  by  the  Department  of 
Agriculture. 

Farmers'  Bulletins.  The  Farmers’  Bulletins  cover  a  wide  range 
of  subject  matter,  and  are  of  interest  to  a  great  many  classes  of 
persons.  They  are  issued  for  general  distribution  among  farmers, 
and  are  therefore  written  in  simple,  non-technical  language  easily 
understood  by  the  layman. 

Department  Leaflets.  This  series,  which  was  begun  in  1927, 
carries  popular  material  of  the  same  general  character  as  the 
Farmers’  Bulletin  series,  except  that  the  leaflets  are  confined  to 
specific  practical  directions,  recommendations,  remedies,  and  meth¬ 
ods.  They  are  brief  and  concise,  and  are  written  in  informal,  popu¬ 
lar  style.  They  are  limited  in  space  to  not  more  than  eight  pages. 
Much  of  the  material  formerly  published  in  the  Farmers’  Bulletin 
series,  now  appears  in  this  condensed  form. 

Journal  of  Agricultural  Research.  The  Journal  of  Agricultural 
Research  is  a  hundred-page  semi-monthly  periodical  published  by 
authority  of  the  Secretary  of  Agriculture,  with  the  cooperation  of 
the  Association  of  American  Agricultural  Colleges  and  Experiment 
Stations.  It  contains  articles  on  technical  agricultural  research 
carried  on  by  the  Department  of  Agriculture  or  the  state  experi¬ 
ment  stations  and  is  therefore  of  primary  interest  only  to  agricul¬ 
tural  scientists  and  advanced  students.  The  editorial  committee 
consists  in  part  of  employees  of  the  Department  of  Agriculture  and 
in  part  of  members  of  the  Association.  It  was  originally  published 
monthly,  and  then  weekly,  and  is  now  issued  semi-monthly.  Each 
article  is  reprinted  as  a  “  separate.” 
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Yearbook.  The  Yearbook  of  the  Department  of  Agriculture 
contains  a  general  report  of  the  operations  of  the  Department 
during  the  preceding  calendar  year,  and  articles  of  special  interest 
and  instruction  to  the  farmers  of  the  country.  Each  article  in  the 
Yearbook  is  reprinted  in  separate  form. 

Other  Publications.  In  addition  to  the  publications  mentioned 
above,  the  bureaus  of  the  Department  sometimes  publish  maps, 
charts,  photographs,  and  other  matter  which  does  not  fall  within 
any  of  the  other  classes  of  publications. 
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LAWS 

(A)  Index  to  Laws 

Organization 

Department  of  Agriculture 

Independent  establishment  . R.  S.,  520 

Executive  department  . 25  Stat.  L.,  659 

Bureau  of  Chemistry  . 32  Stat.  L.,  303 

Bureau  of  Soils  . 32  Stat.  L.,  303 

Bureau  of  Chemistry  and  Soils  (by  appropriation  act  of 

January  18,  1925)  . 44  Stat.  L.,  991 

Personnel 

Officers  and  employees  . R.  S.  522,  523 

Powers  and  Duties 

Secretary  of  Agriculture  . R.  S.  520,  523,  526 

25  Stat.  L.,  659 

26  Stat.  L.,  288 
44  Stat.  L.,  991 

Activities 

Examination  and  classification  of  soils . 25  Stat.  L.,  841 

Publications 

Annual  report  on  field  operations,  Bureau  of  Soils . 33  Stat.  L.,  583 

Miscellaneous 

Sale  of  samples  of  pure  sugar,  naval  stores,  microscopic 

specimens,  etc . 38  Stat.  L.,  1101 

A  ppropriations 

Bureau  of  Chemistry  and  Soils . 44  Stat.  L.,  991 

Public  No.  2,  70th  Cong. 

(B)  Compilation  of  Laws 

R.  S.,  Sec.  520 — Establishment  of  the  Department  of  Agriculture — 
[Act  of  May  15,  1862,  Sec.  1 ;  12  Stat.  L.,  387]. 

Sec.  520.  There  shall  be  at  the  seat  of  Government  a  Department  of 
Agriculture,  the  general  design  and  duties  of  which  shall  be  to  acquire  and 
to  diffuse  among  the  people  of  the  United  States  useful  information  on  sub¬ 
jects  connected  with  agriculture  in  the  most  general  and  comprehensive 
sense  of  that  word.  .  .  . 

R.  S.,  Secs.  522,  523 — Officers  and  employees — [Act  of  May  15, 
1862,  Sec.  4;  12  Stat.  L.,  387]. 

Sec.  522.  There  shall  be  in  the  Department  of  Agriculture  .  .  .  one 
chemist  .  .  .  one  assistant  chemist  .... 
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Sec.  523.  The  Commissioner  [Secretary]  1  of  Agriculture  shall  appoint 
.  .  .  such  other  employees  as  Congress  may  from  time  to  time  provide,  with 
salaries  corresponding  to  the  salaries  of  similar  officers  in  other  Depart¬ 
ments  of  the  Government;  and  he  shall,  as  Congress  may  from  time  to  time 
provide,  employ  other  persons  for  such  time  as  their  services  may  be  needed, 
including  chemists,  botanists,  entomologists,  and  other  persons  skilled  in  the 
natural  sciences  pertaining  to  agriculture. 

R.  S.,  Sec.  526 — Duties  of  Commissioner  [Secretary]1 — [Act  of 
May  15,  1862,  Sec.  2;  12  Stat.  L.,  387]. 

Sec.  526.  The  Commissioner  [Secretary]1  of  Agriculture  shall  procure 
and  preserve  all  information  which  he  can  obtain  by  means  of  books  and 
correspondence,  and  by  practical  and  scientific  experiments,  accurate  records 
of  which  experiments  shall  be  kept  in  his  office,  by  the  collection  of  statistics, 
and  by  other  appropriate  means  within  his  power ;  .  .  . 

1889 — Act  of  February  9,  1889  (25  Stat.  L.,  659) — An  Act  To 
enlarge  the  powers  and  duties  of  the  Department  of  Agri¬ 
culture  and  to  create  an  Executive  Department  to  be 
known  as  the  Department  of  Agriculture. 

[Section  i].  That  the  Department  of  Agriculture,2  shall  be  an  Executive 
Department,  under  the  supervision  and  control  of  a  Secretary  of  Agriculture, 
who  shall  be  appointed  by  the  President,  by  and  with  the  advice  and  consent 
of  the  Senate ;  and  section  one  hundred  and  fifty-eight  of  the  Revised 
Statutes  is  hereby  amended  to  include  such  Department,  and  the  provisions 
of  title  four  of  the  Revised  Statutes,  including  all  amendments  thereto,  are 
hereby  made  applicable  to  said  Department. 

*  *  *  * 

Sec.  4.  That  all  laws  and  parts  of  laws  relating  to  the  Department  of 
Agriculture  now  in  existence,  as  far  as  the  same  are  applicable  and  not  in 
conflict  with  this  act,  and  only  so  far,  are  continued  in  full  force  and  effect. 

1889 — °f  March  2,  1889  (25  Stat.  L.,  855,  841)— An  Act 
Making  an  appropriation  for  the  Department  of  Agricul¬ 
ture  for  the  fiscal  year  ending  June  30,  1890,  and  for  other 
purposes. 

*  *  *  * 

As  far  as  practicable,  all  agricultural  experiment  stations  shall  devote  a 
portion  of  their  work  to  the  examination  and  classification  of  the  soils  of 
their  respective  States  and  Territories,  with  a  view  to  securing  more  ex¬ 
tended  knowledge  and  better  development  of  their  agricultural  capabilities. 


1  Act  of  July  14,  1890.  See  also  act  of  February  9,  1889. 

2  See  act  of  July  14,  1890. 
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1890 — Act  of  July  14,  1890  (26  Stat.  L.,  282,  288) — An  Act 
Making  appropriation  for  the  Department  of  Agriculture 
for  fiscal  year  ending  June  thirtieth,  anno  Domini, 
eighteen  hundred  and  ninety-one. 

%  *  *  Jjc 

The  authority  granted  to  the  Commissioner  of  Agriculture  by  the  act  of 
May  twenty-nine,  eighteen  hundred  and  eighty-four,  establishing  the  Bureau 
of  Animal  Industry  [23  Stat.  L.,  31],  and  by  the  provisions  of  the  appropria¬ 
tion  act  for  the  Agricultural  Department,  approved  July  eighteenth,  eighteen 
hundred  and  eighty-eight  [25  Stat  L.,  333]  3  relating  to  said  Bureau,  is 
hereby  vested  in  the  Secretary  of  Agriculture ; 

And  the  said  Secretary  is  hereby  authorized  and  directed  to  perform  all 
the  duties  named  in  said  acts  and  all  other  acts  of  Congress  in  force  on 
February  eighth,  eighteen  hundred  and  eighty-nine,  to  be  performed  by  the 
Commissioner  of  Agriculture. 

1902 — Act  of  June  3,  1902  (32  Stat.  L.,  286,  303) — An  Act  Mak¬ 
ing  appropriation  for  the  Department  of  Agriculture  for 
the  fiscal  year  ending  June  thirtieth,  nineteen  hundred 
and  three. 

*  *  *  5j£ 

That  all  existing  statutes  relating  to  the  Division  of  Soils,  reorganized 
into  the  Bureau  of  Soils ;  .  .  .  The  Division  of  Chemistry,  reorganized  into 
the  Bureau  of  Chemistry ;  .  .  .  not  otherwise  repealed,  shall  remain  in  effect 
as  applying  to  the  respective  bureaus  into  which  the  divisions  named  have 
been  reorganized. 

1904 — Joint  Resolution  of  March  14,  1904  (33  Stat.  L.,  583)  — 
Joint  Resolution  Amending  public  resolution  numbered 
eight,  Fifty-sixth  Congress,  second  session,  approved 
February  twenty-third,  nineteen  hundred  and  one,  “  pro¬ 
viding  for  the  printing  annually  of  the  report  on  field 
operations  of  the  Division  of  Soils,  Department  of  Agri¬ 
culture.” 

That  public  resolution  numbered  eight,  Fifty-sixth  Congress,  second  ses¬ 
sion,  approved  February  twenty-third,  nineteen  hundred  and  one  [31  Stat. 
L.,  1462],  be  amended  by  striking  out  all  after  the  resolving  clause  and 
inserting  in  lieu  thereof  the  following : 

That  there  shall  be  printed  ten  thousand  five  hundred  copies  of  the  report 
on  field  operations  of  the  Division  of  Soils,  Department  of  Agriculture,  of 
which  one  thousand  five  hundred  copies  shall  be  for  the  use  of  the  Senate, 
three  thousand  copies  for  the  use  of  the  House  of  Representatives,  and  six 
thousand  copies  for  the  use  of  the  Department  of  Agriculture :  Provided, 
That  in  addition  to  the  number  of  copies  above  provided  for  there  shall  be 
printed,  as  soon  as  the  manuscript  can  be  prepared,  with  the  necessary  maps 
and  illustration  to  accompany  it,  a  report  on  each  area  surveyed,  in  the  form 

3  Temporary  provision,  but  substantially  repeated  in  succeeding  acts  of 
appropriation. 
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of  advance  sheets,  bound  in  paper  covers,  of  which  five  hundred  copies 
shall  be  for  the  use  of  each  Senator  from  the  Senate,  two  thousand  copies 
for  the  use  of  each  Representative  for  the  Congressional  district  or  districts 
in  which  the  survey  is  made,  and  one  thousand  copies  for  the  use  of  the 
Department  of  Agriculture. 

1915 — Act  of  March  4,  1915  (38  Stat.  L.,  1086,  1101) — An  Act 
Making  appropriations  for  the  Department  of  Agriculture 
for  the  fiscal  year  ending  June  30,  1916. 

*  *  *  * 

Hereafter  the  Secretary  of  Agriculture  may  furnish,  upon  application, 
samples  of  pure  sugars,  naval  stores,  microscopical  specimens,  and  other 
products  to  State  and  municipal  officers,  educational  institutions,  and  other 
parties  and  charge  for  the  same  a  price  to  cover  the  cost  thereof,  such  price 
to  be  determined  and  established  by  the  Secretary,  and  the  money  received 
from  sales  to  be  deposited  in  the  Treasury  of  the  United  States  as  miscel¬ 
laneous  receipts. 

1927 — Act  of  January  18,  1927  (44  Stat.  L.,  976,  991) — An  Act 
Making  appropriation  for  the  Department  of  Agriculture 
for  the  fiscal  year  ending  June  30,  1928. 

*  *  *  % 

Bureau  of  Chemistry  and  Soils 

Salaries  and  General  Expenses.  For  all  necessary  expenses  connected  with 
the  investigations  and  experiments  hereinafter  authorized,  including  the 
employment  of  investigators,  local  and  special  agents,  assistants,  experts, 
clerks,  draftsmen,  and  labor  in  the  city  of  Washington  and  elsewhere;  official 
traveling  expenses,  materials,  tools,  instruments,  apparatus,  repairs  to  appa¬ 
ratus,  chemicals,  furniture,  office  fixtures,  stationery,  gas,  electric  current, 
telegraph  and  telephone  service,  express  and  freight  charges,  rent  outside  the 
District  of  Columbia,  and  for  all  other  necessary  supplies  and  expenses,  as 
follows : 

For  necessary  expenses  for  general  administrative  purposes,  including  the 
salary  of  chief  of  bureau  and  other  personal  services  in  the  District  of 
Columbia,  $50,920. 

For  conducting  the  investigations  contemplated  by  the  Act  of  May  15, 
1862,  relating  to  the  application  of  chemistry  to  agriculture;  for  the  biological 
investigation  of  food  and  drug  products  and  substances  used  in  the  manufac¬ 
ture  thereof,  including  investigations  of  the  physiological  effects  of  such 
products  on  the  human  organism ;  to  cooperate  with  associations  and  scientific 
societies  in  the  development  of  methods  of  analysis,  $195,947. 

For  investigation  and  experiment  in  the  utilization,  for  coloring,  medicinal, 
and  technical  purposes,  of  raw  materials  grown  or  produced  in  the  United 
States,  in  cooperation  with  such  persons,  associations,  or  corporations  as  may 
be  found  necessary,  including  repairs,  alterations,  improvements,  or  additions 
to  a  building  on  the  Arlington  Experimental  Farm,  $72,921. 

For  the  investigation  and  development  of  methods  for  the  manufacture  of 
table  sirup  and  sugar  and  of  methods  for  the  manufacture  of  sweet  sirups 
by  the  utilization  of  new  agricultural  sources,  $35,234. 

For  the  investigation  and  development  of  methods  of  manufacturing 
insecticides  and  fungicides,  and  for  investigating  chemical  problems  relating 
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to  the  composition,  action,  and  application  of  insecticides  and  fungicides, 
$34,800. 

For  the  investigation  and  development  of  methods  for  the  prevention  of 
farm  fires  and  of  grain-dust,  smut-dust,  and  other  plant-dust  explosions  and 
resulting  fires,  including  fires  in  cotton  gins  and  cotton-oil  mills,  indepen¬ 
dently  or  in  cooperation  with  individuals,  associations,  or  corporations, 
$42,743- 

For  the  investigation  and  demonstration  of  improved  methods  or  processes 
of  preparing  naval  stores,  the  weighing,  handling,  transportation,  and  the 
uses  of  same,  in  cooperation  with  individuals  and  companies,  including  the 
employment  of  necessary  persons  and  means  in  the  city  of  Washington  and 
elsewhere,  $10,000. 

For  chemical  investigations  of  soil  types,  soil  composition,  and  soil  min¬ 
erals,  the  soil  solution,  solubility  of  soil  and  all  chemical  properties  of  soils 
in  their  relation  to  soil  formation,  soil  texture,  and  soil  productivity,  includ¬ 
ing  all  routine  chemical  work  in  connection  with  the  soil  survey,  $26,720. 

For  physical  investigations  of  the  important  properties  of  soil  which  deter¬ 
mine  productivity,  such  as  moisture  relations,  aerations,  heat  conductivity, 
texture,  and  other  physical  investigations  of  the  various  soil  classes  and  soil 
types,  $17,225. 

For  investigations  within  the  United  States  of  fertilizers  and  other  soil 
amendments  and  their  suitability  for  agricultural  use,  $278,940. 

For  the  investigation  of  soils,  in  cooperation  with  other  branches  of  the 
Department  of  Agriculture,  other  departments  of  the  Government,  State 
agricultural  experiment  stations,  and  other  State  institutions,  and  for  indi¬ 
cating  upon  maps  and  plats,  by  coloring  or  otherwise,  the  results  of  such 
investigations,  $237,515. 

For  soil-bacteriology  investigations,  including  the  testing  of  samples  pro¬ 
cured  in  the  open  market,  of  cultures  for  inoculating  legumes,  and  if  any 
such  samples  are  found  to  be  impure,  nonviable,  or  misbranded,  the  results 
of  the  tests  may  be  published,  together  with  the  names  of  the  manufacturers 
and  of  the  persons  by  whom  the  cultures  were  offered  for  sale,  $40,840. 

For  soil-fertility  investigations  into  organic  causes  of  infertility  and  reme¬ 
dial  measures,  maintenance  of  productivity,  properties  and  composition  of 
soil  humus,  and  the  transformation  and  formation  of  soil  humus  by  soil 
organisms,  $71,200. 

Total,  Bureau  of  Chemistry  and  Soils,  $1,115,005,  of  which  amount  not 
to  exceed  $879,294  may  be  expended  for  personal  services  in  the  District  of 
Columbia. 

1927 — Act  of  December  22,  1927  (Public  No.  2 — 70th  Congress) — 
An  Act  Making  appropriations  to  supply  deficiencies  in 
certain  appropriations  for  the  fiscal  year  ending  June  30, 
1928,  and  prior  fiscal  years,  to  supply  supplemental  appro¬ 
priations  for  the  fiscal  year  ending  June  30,  1928,  and  for 
other  purposes. 

*  *  *  * 

Bureau  of  Chemistry  and  Soils 

General  expenses :  For  an  additional  amount  for  the  investigation  and 
development  of  methods  of  manufacturing  insecticides  and  fungicides,  and 
for  investigating  chemical  problems  relating  to  the  composition,  action,  and 
application  of  insecticides  and  fungicides,  fiscal  year,  1928,  $10,000. 
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FINANCIAL  STATEMENT 
Explanatory  Note 

Statements  showing  appropriations,  receipts,  expenditures  and 
other  financial  data  for  a  series  of  years  constitute  the  most  effec¬ 
tive  single  means  of  exhibiting  the  growth  and  development  of  a 
service.  Due  to  the  fact  that  Congress  has  adopted  no  uniform 
plan  of  appropriation  for  the  several  services  and  that  the  latter 
employ  no  uniform  plan  in  respect  to  the  recording  and  reporting 
of  their  receipts  and  expenditures,  it  is  impossible  to  present  data  of 
this  character  according  to  any  standard  scheme  of  presentation. 
In  the  case  of  some  services  the  administrative  reports  contain 
tables  showing  financial  conditions  and  operations  of  the  service  in 
considerable  detail ;  in  others  financial  data  are  almost  wholly  lack¬ 
ing.  Careful  study  has  in  all  cases  been  made  of  such  data  as  are 
available,  and  the  effort  has  been  made  to  present  the  results  in 
such  a  form  as  will  exhibit  the  financial  operations  of  the  services 
in  the  most  effective  way  that  circumstances  permit. 

In  the  financial  statement  the  figures  are  on  an  accrual  basis 
except  where  otherwise  indicated.  They  were  obtained  from  “  Com¬ 
bined  Statement  of  the  Receipts  and  Disbursements,  Balances,  etc., 
of  the  United  States,”  issued  by  the  Treasury  Department. 
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1  Nitrate  Plant:  Funds  transferred  from  War  Department  to  Department  of  Agriculture,  1921  to  1925,  $1,187,600.00;  expended,  1922  to  1926, 
$1,116,306.47. 
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BIBLIOGRAPHY 1 
Explanatory  Note 

The  bibliographies  appended  to  the  several  monographs  aim  to 
list  only  those  works  which  deal  directly  with  the  services  to  which 
they  relate,  their  history,  activities,  organization,  methods  of  busi¬ 
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1  Compiled  by  Sophy  H.  Powell. 
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Up  to  1913  proceedings  were  published  by  the  United  States  department 
of  agriculture.  Later  proceedings  are  issued  in  the  Journal  of  the  asso¬ 
ciation. 
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food,  and  drug  officials  of  the  United  States;  Association  of 
feed  control  officials  of  the  United  States.  Official  proceedings 
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tion  of  American  food  and  drug  officials,  Proceedings,  1916: 
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-  Safeguarding  the  consumer.  (In  Munsey’s  magazine,  July 

1913,  v.  49:  533-35) 

Battershall,  J.  P.  Food  adulteration  and  its  detection.  New  York, 
E.  &  F.  N.  Spon.  1887.  328  p. 

United  States  legislation,  p.  268-319. 
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States.  New  York.  National  wholesale  grocer’s  association  of 
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Browne,  C.  A.  Work  of  the  Bureau  of  chemistry.  (In  Transac¬ 
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- Same.  1924.  23  p. 

- Bureau  of  chemistry  research  and  investigational 

work.  Project  titles.  1921.  8  numbered  leaves. 

- Same.  1923. 

Indexed.  Mimeographed. 

- Circulars,  1894-1912.  1894-1913. 

The  circulars  contain  the  results  of  special  investigations,  changes  in 
inspection  methods  and  suggested  improvements  in  the  laws  and  their 
enforcement. 

- Cooperation  policies  between  Federal  and  State  food 

and  drug  officials  recommended  and  adopted  by  American  asso¬ 
ciation  of  dairy,  food  and  drug  officials,  1915.  5  p. 

- Detail  of  the  enforcement  of  the  Food  and  drugs  act. 

(In  United  States  agriculture  dept.  Yearbook,  1907:321-28) 

- [Directory  of]  federal  and  state  dairy,  food,  drug  and 

feed  stuffs  officials.  (In  Chemistry  bureau,  Service  and  regu¬ 
latory  announcements  no.  14,  Aug.  18,  1915 :  15-20) 

- Same.  Separate,  1915.  15-20  p. 

- Same.  1916.  10  p. 

- Same.  1918.  10  p. 
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- Drug  legislation  in  United  States,  revised  to  July  15, 

1908.  1909.  343  p.  (U.  S.  Chemistry  bureau  bulletin  98) 

- Egg  and  poultry  demonstration  car  work  in  reducing 

our  $50,000,000  waste  in  eggs,  by  M.  E.  Pennington,  H.  C. 
Pierce  and  H.  L.  Shrader.  (In  United  States  agriculture  dept. 
Yearbook,  1914:363-80) 

- Exhibit  of  bureau  at  Pan-American  Exposition ; 

Buffalo,  N.  Y.  1901.  1901.  29  p.  (U.  S.  Chemistry  bureau 
bulletin  63) 

- Experiments  with  sugar  beets  in  1897,  by  H.  W. 

Wiley.  1898.  Rev.  ed.  1899.  P-  (U.  S.  Chemistry  bureau 
bulletin  52) 

- Food  and  drug  manual,  instructions  to  officials, 

analysts,  and  inspectors  of  Bureau  of  chemistry,  relating  to  pro¬ 
cedure  for  enforcement  of  food  and  drugs  act  of  June  30,  1906, 
effective  Feb.  1920.  1920.  155  p. 

- Food  and  drug  review,  1918-23.  Monthly. 

Now,  Food,  drug,  and  insecticide  reviezv.  Took  the  place  of  Clearing  house 
letter  and  Monthly  Summary  of  regulatory  work. 

- Food  inspection  decisions,  nos.  1-67. 

Nos.  68-102  published  by  U.  S.  Board  of  food  and  drug  inspection,  which 
see.  Later  published  by  Food,  drug,  and  insecticide  administration. 

- Food  legislation  and  inspection.  1904.  (In  United 

States  agriculture  dept.  Yearbook,  1904:  593-97) 

- Food  legislation  [bulletin]  1906-1909.  (U.  S.  Chemis¬ 
try  bureau  bulletins,  nos.  104,  112,  121) 

Earlier  compilations  were  entitled  Foods  and  food  control,  1902-1904. 

- Foods  and  food  control,  by  W.  D.  Bigelow.  1902. 

2  pts.  (United  States  agriculture  dept,  chemistry  bureau  Bulletin 

69) 

- Future  of  food  inspection,  by  Charles  Thom.  1924. 

11  p. 

Mimeographed.  Considerable  mention  of  present  work  of  chemistry 
bureau. 

- Inspection  of  foreign  food  products.  (In  United 

States  Agriculture  dept.  Yearbook,  1904:  151-60) 

- Inspection  of  fruit  and  vegetable  canneries,  compiled 

by  F.  E.  Linton,  from  reports  furnished  by  Committee  of  food 
inspectors  of  Bureau  of  chemistry,  consisting  of  J.  H.  Garner, 
G.  H.  Adams,  and  A.  S.  Daggett.  1922.  38  p.  (United  States 
agriculture  dept.  Bulletin  1084) 

- Inspection  of  imported  food  and  drug  products.  (In 

United  States  dept,  of  agriculture,  Yearbook,  1910:201-12) 


BIBLIOGRAPHY 


201 


- Inspection  of  imported  meats  and  meat  food  products 

under  Food  and  drugs  act  of  June  30,  1906.  ...  1910.  14  p. 
- Same.  Revised  1910.  15  p. 

- Supplement.  Complete  list  of  veterinarians  and  official 

meat  inspectors.  Rev.  to  July  1,  1913.  1913.  1 7  p. 

- -  Instructions  to  food  and  drug  inspectors  of  bureau 

1910.  55  P- 

- —  Notices  of  judgments,  1908-1927. 

1914- 1927  issued  as  supplements  to  Service  and  regulatory  announcements. 

—  -  Index  to  notices  of  judgments,  1-10,000.  1922.  100  p. 

- - —  Same.  10,001-11,000.  1923.  523-35  p. 

- -  Manual  of  procedure  for  guidance  of  .  .  .  state  offi¬ 
cials  .  .  .  chemists,  and  officials  of  Department  of  agriculture 
in  connection  with  cooperative  work  in  enforcement  of  food  and 
drugs  act.  1906  .  .  .  1913.  8  p. 

- Same.  1915.  12  p. 

- —  Same.  1916.  16  p. 

- -  Same.  1919.  37  p. 

- Monthly  summary  of  regulatory  work,  no.  1-11.  May 

1917-Feb.  1918. 

Combined  with  Clearing  house  letter  under  title  Monthly  review  of 
Bureau  of  chemistry. 

- Organization  of  Bureau  of  Chemistry  1904.  15  p. 

- Same.  1906.  18  p. 

—  -  Same.  1907.  23  p. 

- Same.  1908,  27  p. 

—  — —  Same.  1909.  Reprint. 

- Same.  1909.  29  p. 

- Plan  for  cooperating  in  study  of  available  plant  food, 

by  C.  C.  Moore.  1902.  8  p.  (Chemistry  bureau  circ.  9,  1902) 

- -  Points  of  interest  to  visitors,  Bureau  of  chemistry, 

1922.  4  numbered  leaves. 

Mimeographed.  Gives  a  list  of  laboratories  of  Bureau  of  Chemistry. 

- Preliminary  crop  and  soil  data  for  cooperative  study 

of  available  plant  food.  1903.  (Chemistry  bureau  circ.  11) 

- Progress  in  food  and  drug  inspection  ...  by  H.  W. 

Wiley.  (In  Agriculture  dept.  Yearbook,  1906:  520-21) 
- Report  of  chemist,  1902-1927. 

- .  .  .  Response  to  resolution  .  .  .  report  .  .  .  cover¬ 
ing  investigations  of  adulterated  foods,  drugs,  and  liquors  made 
under  act  of  Mar.  1,  1899.  1904.  4  p.  (58th  Cong.  Senate  doc. 
270)  Serial  4592 

- Service  and  regulatory  announcements,  1914- 1923. 

Continued  by  Service  and  regulatory  announcements  of  Food,  drug,  and 
insecticide  administration. 
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- __  Service  and  regulatory  announcements  of  .  .  .  Bu¬ 
reau  of  chemistry.  Opinions  and  general  information  .  .  . 
issued  by  Bureau  of  foods  and  drugs,  California  state  board  of 
health.  .  .  .  Sacramento,  Calif.  State  printing  office,  1916.  71  p. 

- Some  special  aspects  of  chemical  investigations  in 

1908.  (In  United  States  agriculture,  Yearbook,  1908:558-63) 

-  Agriculture  dept.  Summary  of  work  of  the  Department 

from  April  1917-June  30,  1919.  1919.  16  p. 

Mimeographed.  Bureau  of  chemistry,  ut.  1 :  4-6.  Bureau  of  soils,  pt. 
II:  1-2. 

—  Chemistry  bureau.  State  cooperative  food  and  drug  control 
office.  Clearing  house  letter,  1917-1918. 

Mimeographed.  Combined  with  Monthly  summary  of  regulatory  work 
under  title  Monthly  review  of  Bureau  of  chemistry. 

—  - Testing  of  road  materials  including  methods  used  and 

results  obtained  in  Road  material  laboratory  in  collaboration  with 
Office  of  public  road  inquiries.  1903.  77  p.  (Chemistry  bureau, 
Bulletin  79) 

—  Chemistry  division.  Experiments  with  sorghum  in  1893  by 
H.  W.  Wiley.  1894.  38  p.  (United  States  agriculture  dept. 
Chemistry  division  bulletin  40) 

- Experiments  with  diffusion  and  carbonation  at  Ottawa, 

Kansas,  campaign  of  1885,  by  EL  W.  Wiley.  1885.  20  p.  (United 
States  agriculture  dept.  Division  of  chemistry  bulletin  6) 

- Experiments  with  sugar  beets  in  1892,  by  H.  W. 

Wiley.  1893.  74  p.  (United  States  agriculture  dept.  Chemistry 
division,  bulletin  36). 

- Experiments  with  sugar  beets  in  1893,  by  H.  W. 

Wiley.  1894.  59  p.  (United  States  agriculture  dept.  Chemistry 
division  bulletin  39) 

- Record  of  experiments  at  Des  Lignes  sugar  experi¬ 
ment  station,  Baldwin,  La.,  season  of  1888,  by  C.  A.  Crampton. 
1889.  32  p.  (United  States  agriculture  dept.  Chem.  division 
bulletin  22) 

- Record  of  experiments  at  Fort  Scott,  Kansas,  in  the 

manufacture  of  sugar  from  sorghum  and  sugar  canes  in  1886, 
by  H.  W.  Wiley.  1887.  64  p.  (United  States  agriculture  dept, 
chemistry  division  bulletin  14) 

- Record  of  experiments  at  the  sugar  experiment  station 

on  calument  plantation,  Pattersonville,  La.,  by  Hubert  Edson. 
1889.  235  p.  (United  States  agriculture  dept,  chemistry  division 
bulletin  23) 
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- Record  of  experiments  conducted  by  Commissioner  of 

agriculture  in  the  manufacture  of  sugar  from  sorghum  and  sugar 
canes  at  Fort  Scott,  Kan.,  Rio  Grande,  N.  J.  and  Lawrence,  La. 
1887-88.  1888.  n8p.  (United  States  agriculture  dept.  Chemis¬ 
try  division  bulletin  17) 

- Record  of  experiments  in  the  manufacture  of  sugar 

at  Magnolia  station,  Lawrence,  La.,  season  of  1886-87,  by  G.  L. 
Spencer.  1887.  35  p.  (United  States  agriculture  dept.  Chem¬ 
istry  division  bulletin  15) 

- Record  of  experiments  in  the  manufacture  of  sugar 

by  diffusion  at  Magnolia  station,  Lawrence,  La.,  season  of  1888- 
89,  by  G.  L.  Spencer,  1889.  67  p.  (United  States  agriculture 
dept.  Chemistry  division  bulletin  21) 

- Record  of  experiments  in  the  manufacture  of  sugar 

from  sorghum  ...  by  H.  W.  Wiley.  1889.  162  p.  (United 
States  agriculture  dept.  Chemistry  division  bulletin  20) 

- Record  of  experiments  with  sorghum  in  1892,  by 

H.  W.  Wiley.  1893.  100  p.  (United  States  agriculture  dept. 
Chemistry  division  bulletin  37) 

- - Report  of  experiments  in  the  manufacture  of  sugar  at 

the  Magnolia  station,  Lawrence,  La.,  season  of  1885-86,  by 
G.  L.  Spencer,  1886.  26  p.  (United  States  agriculture  dept. 
Chemistry  division  bulletin  1 1 ) 

—  Commerce  dept.  Salaries  of  certain  employees  Bureau  of 

chemistry  .  .  .  transferred  from  Bureau  of  chemistry  ...  to 
Bureau  of  standards.  .  .  .  1914.  2  p.  (63d  Cong.  House  doc. 
1 1 16)  Serial  6758 

—  Congress.  Conference  committee  on  pure  food  bill.  .  .  . 
Conference  report  (to  accompany  H.  22526  to  amend  food  and 
drug  act)  .  .  .  1913.  2  p.  (62d  Cong.  House  rept.  1579) 

Serial  6334 

- House.  Committee  on  agriculture.  Agriculture  appro¬ 
priation  bill,  hearings,  1906-1922.  See  Chemistry  bureau  and 
Soils  bureau  in  Soils  bureau  in  index  to  each  annual  volume. 

- Agriculture  appropriation  bill,  hearings, 

Dec.  12,  1912  [relating  to  appropriations  for  Soils  bureau,  fiscal 
year  1914]  1912.  27-40  p. 

- Agriculture  appropriation  bill,  hearing  on 

estimate  of  appropriations  fiscal  year  1915,  Bureau  of  chemistry. 

1913-  56  p- 

- Agriculture  appropriation  bill.  Hearing- 

on  estimates  of  appropriations,  fiscal  year  1915,  Bureau  of  soils, 
Dec.  1 6  and  17,  1913.  1914.  37  p. 

- Agriculture  appropriation  bill,  1917,  hear¬ 
ings,  Bureau  of  chemistry,  Jan.  31,  1916.  1916.  45  p. 
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- -  Agriculture  appropriation  bill,  1917,  hear¬ 
ings,  Bureau  of  soils,  Feb.  1916.  1916.  32  p. 
- Agriculture  appropriation  bill,  1918,  hear¬ 
ings,  Bureau  of  chemistry,  Dec.  8  and  11,  1916.  1916.  267-312  p. 
- - Agriculture  appropriation  bill,  1919,  hear¬ 
ings,  Bureau  of  soils,  1918.  18  p. 

- - - Amendments  to  pure  food  and  drugs  act ; 

hearings  on  H.  R.  8954,  Oct.  27,  1919.  1919.  2  pts. 

- .  .  .  Report  to  accompany  H.  R.  1031 1 

[to  further  amend  sec.  8  of  act  for  preventing  manufacture,  sale, 
or  transportation  of  adulterated  or  misbranded  or  poisonous  or 
deleterious  foods,  drugs,  medicines,  and  liquors,  and  for  regu¬ 
lating  traffic  therein,  approved  June  30,  1906,  and  amended  by  act 
approved  Mar.  3,  1913].  .  .  .  1919.  5  p.  (66th  Cong.  House 
rept.  438)  Serial  7593 

- - —  Slack  filled  package  bill.  .  .  .  Report  (to 

accompany  H.  R.  762).  1924.  6  p.  (68th  Cong.  House  rept. 
125)  Serial  8226 

- - - - Slack  filled  package  bill.  .  .  .  Report  [to 

accompany  H.  R.  4981,  to  amend  food  and  drugs  act,  approved 
June  30,  1906,  as  amended].  .  .  .  1921.  25  p.  (67th  Cong. 
House  rept.  21)  Serial  7920 

- Slack  filled  packages,  hearings  on  amend¬ 
ments  to  pure  food  and  drugs  act,  H.  R.  2888  and  4981,  Apr.  23, 
and  May  17,  1921.  1921.  77  p. 

- -  -  Committee  on  appropriations.  Agricultural  ap¬ 
propriation  bill,  hearings,  1922-date.  1921 -date. 

See  Chemistry  bureau,  Soils,  and  Chemistry  and  soils  bureau  in  index  to 
each  annual  volume. 


- Hearings,  [Dec.  12,  1906]  ...  on  urgent 

deficiency  bill,  1906.  20  p. 

Discussion,  in  detail,  of  administration  of  pure  food  law. 

— - -  Committee  on  expenditures  in  Agriculture  de¬ 

partment.  Bureau  of  soils,  hearings  Jan.  20,  1915.  1915.  30  p. 
- Expenditures  in  Department  of  agricul¬ 
ture.  Hearings  .  .  .  1911.  25  pts.  1421  p. 

These  hearings  had  to  do  with  investigation  of  Chemistry  bureau. 

- .  .  .  Expenditures  in  the  Department  of 

agriculture.  .  .  .  Report,  1912.  17  p.  (62d  Cong.  House  rept. 
249)  Serial  6129 

Has  to  do  with  legal  status  of  Board  of  food  and  drug  inspection  and 
Referee  board. 
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- —  Report.  .  .  .  1907.  64  p.  (59th  Cong., 

2d  sess.  House  rept.  8147)  Serial  5065 

Chemical  laboratories,  p.  39-42. 


- Committee  on  interstate  and  foreign  commerce. 

Plearings  .  .  .  [Jan.  5,  8,  12,  1904]  on  pure  food  bills,  LI.  R. 
5077  and  6295  .  .  .  1904.  51  p. 

- Hearings  .  .  .  [Feb.  13-27,  1906J  on  pure  food 

bills,  H.  R.  3044,  4527,  9018,  12071,  13086,  13853  and  13859 
.  .  .  1906.  409  p. 

■ - — —  Hearings  .  .  .  [Mar.  11-15,  17-22,  24, 

1902]  on  the  pure  food  bills,  H.  R.  3109,  12348,  9352,  276,  and 
4342  .  .  .  1902.  637  p. 

- - —  Hearings  on  H.  12675  and  13460,  supple¬ 
mental  to  food  and  drugs  act  of  1906  ....  1908.  17.  p. 

- Pure  food  .  .  .  Report  (to  accompany 

S.  88)  .  .  .  1906.  2  pts.  (59th  Cong.,  1st  sess.  House  rept. 
2118)  Serial  4906 

- — - —  Pure  food  and  drugs  act,  hearings,  1912. 


2  v. 

- -  Quantity  of  contents  of  food  packages 

.  .  .  Report  (to  accompany  H.  R.  29866,  to  amend  Food  and 
drugs  act)  .  .  .  1911.  4  p.  (61st  Cong.  Llouse  rept.  2082) 

Serial  5848 

- -  Report  .  .  .  [adverse  to  H.  R.  67,  calling 

for  information  concerning  enforcement  of  food  and  drugs  act]. 
1910.  4  pts.  (61st  Cong.  House  rept.  91-94).  Serial  5594 
- Report  .  .  .  amending  H.  7667,  to  pre¬ 
vent  false  branding  of  food  and  dairy  products  as  to  state  or 
territory  in  which  produced.  1900.  2  p.  (56th  Cong.,  1st  sess. 
Llouse  rept.  872)  Serial  4024 

- .  .  .  Report  (to  accompany  H.  22526,  to 

amend  food  and  drugs  act)  .  .  .  1912.  3  p.  (62  Cong.  House 
rept.  850)  Serial  6132 

- Committee  on  mines  and  mining.  Authorizing 

joint  investigations  of  geological  survey  and  Bureau  of  soils  to 
determine  location  and  extent  of  potash  deposits  or  occurence  in 
United  States  and  improved  methods  of  recovering  potash 
therefrom,  hearing,  on  S.  3047,  June  3,  1924.  2  pts. 

- Senate.  Committee  on\  agriculture  and  forestry.  Agri¬ 
culture  appropriation  bill,  1905- 1922.  Hearings  .  .  .  1904- 
1921. 


See  Chemistry  bureau,  Soils  bureau  in  index  to  each  volume. 

- - Extension  of  provisions  of  food  and 

drugs  act,  hearing  on  S.  3011,  to  protect  interstate  commerce  in 
foods,  drugs  and  medicines  and  to  extend  provisions  of  food  and 
drugs  act  of  June  30,  1906.  1919.  86  p. 
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—  - — - —  - — -  Food  and  drug  containers,  hearings  on 

G.  R.  1031 1,  to  further  amend  sec.  8  of  act  for  preventing  man¬ 
ufacture,  sale,  or  transportation  of  adulterated  or  misbranded  or 
poisonous  or  deleterious  foods,  drugs,  medicines  and  liquors  and 
for  regulating  traffic  therein,  approved  June  30,  1906,  and 
amended  by  act  approved  Mar.  3,  1913.  1921.  30  p. 

- - Report  ...  (to  accompany  S.  4681,  to 

prevent  false  branding  of  food  and  dairy  products  as  to  state 
or  territory  in  which  produced).  1900.  3  p.  (56th  Cong.,  1st 
sess.  Senate  rept.  1598)  Serial  3895 

- Committee  on  manufactures.  Adulteration  of 

food.  Report  (to  accompany  H.  R.  6295)  and  hearings,  Jan.  6- 
Feb.  24,  1904.  1904  122  p.  (58th  Cong.,  2d  sess.  Senate  rept. 
1209)  Serial  4573 

- - Adulteration  of  food  products  ....  Re¬ 
port  (to  accompany,  S.  R.  447)  .  .  .  1900.  655  p.  (56th 
Cong.,  1st  sess.  Senate  rept.  516)  Serial  3888 

—  - - .  .  .  Adulteration  or  misbranding  of 

foods  or  drugs  .  .  .  Letters  and  petitions  .  .  .  urging  passage 
of  the  bill  (H.  R.  6295)  .  .  .  1904.  50  p.  (58th  Cong.,  2d 
sess.  Senate  doc.  248)  Serial  4592 

- - - Amendment  to  pure  food  and  drugs  act. 

Report  (to  accompany  H.  22526  similar  to  S.  4727  to  amend 
food  and  drugs  act)  .  .  .  1913.  79  p.  (62  Cong.  Senate  rept. 
1216)  Serial  6330 

- Amendment  to  pure  food  law,  hearing 

...  on  S.  4727,  to  amend  [food  and  drugs]  act  .  .  .  1912-13 

4  pts. 

Part  one  not  marked  “  Part  1  ”.  Dated  Feb.  29,  1912. 

- Digest  of  pure  food  and  drugs  laws  of 

United  States  .  .  .  together  with  court  decisions  affecting- 
same  .  .  .  1901.  36  p.  (57th  Cong.,  1st  sess.  Senate  rept.  3) 

Serial  4257 

- Food  in  cold  storage  ....  Report  and 

hearings  .  .  .  1911.  340  p.  (61  Cong.  Senate  rept.  1272) 

Serial  5842 

- -  Hearing  .  .  .  Mar.  27,  1908,  on  bills  S. 

42  and  S.  3043  [pure  food  act].  .  .  .  1908.  20  p. 

—  Fixed  nitrogen  laboratory.  Annual  report,  1921-1926. 

The  1927  report  is  in  report  of  Bureau  of  soils.  Later  reports  under 
Bureau  of  chemistry  and  soils. 

—  Grain  corporation.  Grain  dust  explosion  prevention.  U.  S. 
grain  corporation  with  Bureau  of  chemistry,  U.  S.  department 
of  agriculture.  New  York,  no  publisher.  1920.  28  p. 
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